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PREFACE 


When requested to prepare a second edition of my Bitumen and 
Petroleum in Antiquity, which had long been out of print, it seemed 
to the author that the time had come to publish certain essays on 
ancient technology which he had written. We can not hope to improve 
on H. Bliimner’s Technologie und Terminologie der Gewerbe un 
Kiinste bei Griechen und Rémern, which excellent book is now over 
fifty years old and unfortunately deals with the classical period only, 
Since new evidence on classical technology and, above all, abundant 
evidence on preclassical technology has become available, but this 
evidence is spread over many periodicals and publications. A series 
of small booklets, each containing a number of essays on ancient 
technology, covering both the preclassical and classical period and 
demonstrating the continuity and the divergence, seemed justified. 
This book is the first of this series to describe certain phases of ancient 
technology, to point out the gaps in our knowledge and to try and 
use modern technology, philological and archaeological evidence to 
sketch ancient technology in such a way that it may be of some use 
to inform historians, archaeologists and philologists on the skill and 
the material world of the ancients. By co-operation many of the 
problems still unsolved could be unknotted and the author will be 
grateful for comments and additions to the material here presented. 
May these booklets promote discussion and research. 


March 21st 1954. 


Ae A R. J. Forses 
Haringvlietstraat 1 : 


Amsterdam (Zuid) 


PREFACE TO THE SECOND EDITION 


The author has attempted to bring the literature up to date, but he 
has refrained from changing the original text unless fundamentally 
new data or facts had been discovered since 1954. He has gratefully 
made use of the helpful suggestions of several critics and he hopes that 
in the future such suggestions will again come forward. 


September 1963 
R. J. Forbes 
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BITUMEN AND PETROLEUM IN ANTIQUITY 


INTRODUCTION 


The extensive use of different members of the petroleum family is 
one of the most characteristic expressions of our modern civilisation. 
Since the rise of the petroleum industry, after the development of 
drilling methods from 1860 onward, the use of bitumen has been 
revived. During many centuries, throughout the Middle Ages and the 
Renaissance, the knowledge of the properties of this material, so 
extensively used in Antiquity, had slumbered or degenerated and 
bitumen was only remembered for its supposed magical or medicinal 
properties. 

The impetus to our modern asphalt-industry must be ascribed to 
the Greek doctor Eyrinis d’Eyrinis, who in 1721 rediscovered the 
Neuchatel rockasphalt (1). 

This branch of the petroleum industry has been developed by the 
constant efforts of chemists and engineers during the last century to 
the effect that bitumen is now used for a wide range of purposes. 

It is prominent in road-building, paper manufacture, roofing ma- 
terial and mouldings, while it is extensively used in impregnation, 
insulating or waterproofing layers, floors, tiles, paints and briquetting 
of coal-dust. 

In a way, therefore, many uses of bitumen were rediscovered after 
a long slumber. 

Everyone familiar with the results of modern archaeology will 
have found many references to the use of bitumen in Antiquity. It 
is certainly a common building material in the castern half of the 
Fertile Cresent, and it is often mentioned in connection with mummi- 
fication or lacquers in Egypt. At the same time its heighdays seem to 
be over with the coming of Hellenism. Amongst both the Romans 
and Greeks there is little in the way of the use of bitumens, but tars 
and pitches are then more commonly used. There is a natural expla- 
nation for these facts. 

It is true that wood tar and wood-tar pitch are known ages before 
Hellenism, but the very frequent use of bitumen forall kinds of purposes 
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involved the production of large quantities of this type of material. 

Though there was of course a considerable production of charcoal 
for metallurgical and heating purposes (2), and thus a production of 
tar as a possible sideline, it is hardly to be believed that this quantity 
could have competed seriously with the large amount of bitumen, 
which could be produced comparatively easily from natural sources. 

Then again the supply of wood for these purposes steadily waned as 
the forests of Syria and Mesopotamia were cut down in the course of 
the ages. Hence wood became too costly to be wasted and to be burned 
to charcoal and the production of wood tar progressively limited. 

For the Roman Empire conditions were, however, reversed. The 
main sources of the supply of bitumen, the surface deposits of Meso- 
potamia were generally under the control of its enemies, The circum- 
stances for the production of wood tar and pitch were, however, 
more favourable than in former ages, for not only the forests of 
Calabria and Thessaly, but all the wealth of timber of N.W. Europe 
was placed at the disposal of the disciples of the Brutti and the 
Macedonians. 

Still this type of material gradually disappeared from general use 
and remained only in special branches as shipbuilding and of course 
in magic and medicine. 

Thus the ancient knowledge of these materials was permitted to 
sink into oblivion. 

The fantastic claims made for them by medieval scientists are elo- 
quent for the deep slumber into which this knowledge had fallen till 
their rediscovery in Eyrinis’ age. But then, when this knowledge and 
the significance of this group of products to technology and science 
were reborn, it would be rash to speak of a renascence, for there had 
been a considerable shifting of values. 

Whereas in Antiquity the solid or semi-solid members of the bitumi- 
nous family were valued and won above all, the significance of the 
lighter, more volatile types of petroleums and tars began to dawn 
upon the 17th and 18th centuries. Then the development of destillation 
apparatus, the kerosene lamp, deep well-drilling and the internal com- 
bustion engine contributed to the gradual predominance of these 
lighter products over their solid brothers. 

Thus the present importance of the petroleum and the tar industries 
was born. 

The lighter products were too volatile and dangerous to be of 
common use in Antiquity. The absence of proper distillation methods 
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made it impossible to estimate them at their proper value. True, the 
lighter oils are constantly mentioned, but almost invariably in con- 
nection with their inflammability and, therefore, danger. This is well 
expressed in a passage from Pliny (3): “Some authors include naphta 
(as described in Book Two) under the category of bitumen, but its 
inflammability and close relationship to fire preclude it from any 
useful employment.” 

Very occasionally they are put to use for this very reason, until 
finally the Byzantines forge this knowledge into a new weapon of 
war, the well-known “Greek fire”, but only after the development of 
early distillation technique had made this possible. 

The object of the present essay is to bring together all the infor- 
mation on the use of bituminous materials in Antiquity. From the 
foregoing it will be clear that we will mostly discuss the solid or semi- 
solid members of this family; it is difficult to separate their story from 
that of the lighter products, which often explains many dark points 
of the former and which for that reason will be given too as far as 
possible. 

Before summing up the literary and archaeological evidence it is 
necessary to discuss both nomenclature and classification of bitumi- 
nous materials. 


NOMENCLATURE AND CLASSIFICATION 


From the very first our subject confronts us with more or less 
serious obstacles. 

One of the fundamental difficulties is the nomenclature of these 
bituminous materials. 
The reasons for this embarrassing confusion are threefold: 
1, The many records left us by classical writers or excavated at 
se the different terms for these substances promiscu- 
distinction usually made or mostly at once evident 


preclassical sites 
ously. The only 
from the context is that between the liquid and the solid or semi-solid 
bitumens. It is often extremely difficult to hit upon the modern equiva- 
ent for the terms “Asphaltos”, “Bitumen” or “Naphta”. The simple 
explanation for this fact is the lack of practical knowledge on these 
materials on the part of the classical writers, who left us the bulk of 
the existing data on this subject. Then again it was of course impossi- 
ble to distinguish them analytically in Antiquity. Still several Sumerian 


terms seem quite clear and exact. 
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2. Though excavators’ reports furnish us with a wealth of material, 
only very little scientific investigation has hitherto been applied to 
the products found, with the consequence that the enquirer has often 
to be satisfied with a vague description such as “asphalt” or “pitch” 
or “bituminous earth”. Hence, precisely the point which is of very 
great interest from a technical point of view, namely, the kind of 
bitumen and the form or composition in which bitumens were used, 
is by no means always made clear. Here is an interesting problem, as 
yet practically untouched, open to further scientific research and sure 
to furnish interesting results for both archaeologists and technicians. 

3. But even modern nomenclature is by no means a settled point. 
Though as far back as the beginning of the 16th century Libavius 
went into this problem and tried to define the different members of the 
petroleum-coal family (4, 5), confusion in modern scientific literature 
is as great as ever. 

Still slow but persistent progress is made towards an international, 
well defined nomenclature by the constant efforts of Abraham (6) and 
Marcusson (7). The classification and nomenclature adopted by the 
writer is that of Abraham, though it differs in some details from the 
more international standards set by the Dictionary of the Association 
Permanente Internationale des Congrés de la Route. 

Abraham’s system is well planned and more logical, it suits our 
present purpose entirely and is more comprehensible to outsiders 
than the less exact terminology of the above-named Dictionary. This 
classification was used in composing a table, in which the ancient 
terms these materials were arranged, according to the substance, which 
they generally denoted (Table 1). 

The modern classification contains two groups of natural products 
(I & Il) and two groups of artificial products (III & IV). The first 
group embraces practically all the natural derivates of crude petroleum 
and is therefore called “Bitumens” by Abraham. He defines this word 
as: “A generic term applied to native substances of variable colour, 
hardness, and volatility; composed principally of saturated hydro- 
carbons, substantially free from oxygenated bodies; sometimes as- 
sociated with mineral matter, the non-mineral constituents being 
fusible and largely soluble in carbon disulphide (CS,).” 

The Pefroleums, viz. all crude oils, are of a liquid consistency though 
sometimes by a lack of volatile components (gasoline, kerosene), they 
are semi-solid or very viscous. The crude oils with a high content of 
crystallizable paraffins (paraffin wax) are not very frequent in surface 
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deposits or seepages of the Ancient World, they are less suitable for 
the production of asphaltic bitumen and can be practically ignored 
for our purpose. This limits the useful crude oils to the so-called 
“asphaltic crude oils”, containing no crystallizable paraffine. However, 
the ancients lacked the distillation techniques to produce asphaltic 
bitumen from these crudes (8). 

The Mineral Waxes are viscous to solid with a characteristic lustre 
and unctuous feel, the non-mineral matter consisting mostly of crystal- 
lizable paraffines. They do not occur very frequently, even at the 
present time only few rich deposits are known (Galicia) and they were 
probably unknown in Antiquity, though the term “ampelitis” is 
sometimes used for a similar substance as far as our meagre evidence 
goes. Far more important for ancient technology are the Nafive 


Alsphai 


‘s. They are semi-solid to solid, thus showing considerable 
variation in hardness (often caused by the inclusion of finely dispersed 
water particles, viz. emulsified water), dark colour, comparatively 
non-volatile, containing little or no crystallizable paraflins; the non- 
mineral constituents being fusible and soluble in Two different 
sub-groups may be recognized, viz. Asphalts and Rockasphalts, the 
only difference being, whether they contain less or more than 10%, 
of associated mineral matter. The pure or fairly pure “Asphalts” are 
practically equal to the petroleum asphalts, derived from asphaltic 
crude oils by distilling off the more volatile fractions; sometimes they 
are so pure, that there is no analytical difference between asphalts and 
petroleum asphalts. Especially when mixed with mineral matter for 
technical purposes it is hardly feasible to distinguish them by analysis 
and we will therefore use the term bitumen for these two species, when 
we can not define our product more strictly as one of them. 

The Asphaltites differ from the native asphalts by a higher fusing 
point and often they are either difficultly or only partly fusible. They 
are usually very hard and brittle, show a conchoidal fracture and 
generally contain only little associated mineral matter. 

Thus their general characteristics preclude their frequent use in 
ancient technology. 

Even nowadays they are only used for specific purposes such as 
bituminous lacquers, etc., where their high lustre can be put to use. 
They are pretty widely spread in small deposits, some of them oc- 
curring in the Ancient World. The Pyrobitumens embrace both the 
members of the coal family and those very rare substances called 
Assphaltic Pyrobitumens, representing the utmost stage of evaporation 
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and oxydation of asphaltic crude oils. They have practically no value 
being infusible and insoluble in CS, and other solvents, the colour is 
dull and the brittle products give a black streak on porcelain. As they 
hardly occur anywhere else than in the American continent, they must 
have been unknown in Antiquity. 

The Non-asphaltic Pyrobitumens represent the coal family. Of its 
members peat was only known in later classical times, lignite was 
probably known but hardly put to use as were the different types of 
coal in the Greek and Roman World. 

The two remaining big groups of similar products are all artificial, 
they represent the distillates (Group III) or the residues (Group IV) 
obtained by distillation of crude oils or dry distillation of wood resins, 
gums or any member of the coal family. 

The Pyrogeneous Waxes were certainly unknown in Antiquity. It was 
only during the last century that these products, commercially known 
as “paraffin wax”, were prepared from petroleum distillates by suitable 
methods of cooling and filtration. 

The Tars were certainly known, although a few of them only. For 
peat tar, coal tar and the like were unknown for reasons given above. 

The dry distillation process for obtaining tar from coal is a recent 
development, which entered its commercial stage about 1790. 

Wood tar was of course known. When producing the charcoal, 
necessary in several metallurgical processes, this substance is inevi- 
tably produced as a by-product. We shall have occasion to see that 
the Romans were well acquainted with its production, to the extent 
of selecting those trees for its production which gave the largest 
output and a long history must have preceded this technique. There- 
fore several words denoting wood tar may be found in ancient 
languages. 

Similar more solid products are the Pyrogeneous residues. Our modern 
petroleum asphalts (asphaltic bitumen) form the subgroup pyrogeneous 
asphalts. 

Their production in Antiquity from either asphaltic crude oil (by 
distillation or rather evaporation) or from rockasphalt (by melting 
and skimming off the molten asphalt) is very probable. We shall have 
occasion to discuss this point, but must remark here that it is im- 
possible to distinguish them chemically from the asphalts already 
mentioned as occurring in a native state in Mesopotamia. 

As both these petroleum asphalts and native asphalts are the same, 
chemically and physically, we will call them bifwmen for our purpose 
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The pyrogeneous residues from tars are the well-known pitches so 
often unhappily confused with the bitumens. For the reasons explained 
above only wood-tar pitch was a common member which was pro- 
duced in sufficient quantity to compete with bitumen. 

This is not the case with those pitches, obtained by dry distillation 
of gums, resins, cedar oil, fat (fatty acids) which residues may have 
been known, but which were certainly too rare to be of any practical 
value. 

Summing up our evidence we may expect to find in Antiquity 
crude oils, asphalt, rock-asphalt, petroleum-asphalt, wood tar and 
wood tar pitch as the most widely used members of the group of 
bituminous substances. 

The coal family may have been put to use for heating purposes, 
but not in architecture, etc., where only bitumen, wood tar and pitch 
had the required properties to be employed in mixtures with mineral 
matter as mortar, plaster and the like. These artificial mixtures are 
generally called mastics, for which substances several terms have 
survived. 

In the further columns of Table I we have endeavoured to enter 
the ancient terms for these products in their right place. Our leading 
principle was to take the most frequent meaning of such a word, as 
given by the study and interpretation of the texts in which it is used 
and to put the term in our Table next to its modern equivalent. 

Ever since the hieroglyphics were first deciphered three terms have 
been taken by some investigators to stand for bitumen or bituminous 
and quotations in technical 


materials, and translations in this sens 
literature are often based on them, We shall now inquire whether 
there is any justification for this. 

First of all there is the word si/¢ (Table Il). The Erman-Grapow 
dictionary (9) gives Salb6l (ointment) for sft (the more modern spelling, 
as no certainty exists about the vowels in Egyptian words). Certainly, 
as far as we are able to judge by the texts, this was the most common 
meaning of the word before the Hellenistic period (300 B.C.). This 
word sift occurs even in the old pyramid texts, namely, in the list of 
ointments (10). It holds a prominent place in the religious literature 
as one of the seven (later eight to ten) “holy” oils. Reutter, who always 
took this material to be bitumen, assumed it, on the strength of pre- 
scriptions, to be present in several ointments prepared with these holy 
oils, and says that he identified it in such ointments, a statement which 
Lucas (11) rightly doubts. In this connexion it is certainly an oil, for 
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Table IT 
Metamorphosis and origin of oil, bitwnen, asphalt and coals 


Mictofauna and Flora (plankton, sapropelium) embedded in sand, clay, marl 
Oil sands, oil shales 


PETROLEUM OR CRUDE OIL. 


Non-asphaltic petroleum Semi-asphaltic (mixed base) 
(Paraffinaceous crudes) and asphaltic crudes 
| 
Mineral waxes Native asphalts 
(Ozokerite) 
(Pure ot Fairly pure) (Impute) 
Asphalts Rock asphalts 
| 
Asphaltites (Impure asphaltites) 


| | 
Asphaltic pyrobitumen Asphaltic pyrobituminous shales 


CELLULOSE (woody fibre) 


Sphagnum, Vegetable growth in bogs, swamps, etc. Trees, ete. 
Peat 
Impure (mixed with min. matter) Pure 
| 
Lignite shales Lignite 
| 
Coal shales Bituminous coal 


Anthracite coal 
| 


Graphite 


it is mentioned in one breath with other oils, such as cedar-oil, etc. 
A determinative denoting “oils” is often added to the word sift in 
the texts, as, for instance, in a very early one dating from the reign 
of Sahure, in which sift-oil is donated as a burial gift (12); also in a 
later text of the time of Pepi II (13) both, therefore, date from before 
2000 B.C. 

In several of what are known as the Later Egyptian texts (after 
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1580) Thotmes HI mentions sift-oil as one of the tributes he brought 
back from his campaigns in Syria (14); and a pitcher full of sift-oil is 
mentioned in a somewhat later text of Rameses III (15). 

Finally, when discussing a mummification ritual of the sacred Apis 
bulls (text between 250 and 100 B.C.), Spiegelberg comes to the 
conclusion that “here sift still clearly stands for an oil’; it has not yet 
acquired the meaning of sife derived from the Coptic (fig. 1, c) resin, 
pitch. It is not used for filling, but as an ointment (16). 

In some texts there appears to be a certain connection with cedar- 
wood, and occasionally it has not been necessary to translate sift 
vaguely as Salboel, but more determinately as Cedar-oil pitch. Thus 
Sethe (17) says: 

“Besides soda, cedar-pitch played an important part, though usually 
described as bitumen by the modernists. As long ago as in the Old 
Kingdom it was mentioned in connection with burial in a coffin made 
of cedar-wood from Lebanon. In the well-known Admonitions of an 
Egyptian Sage (about 2000 B.C.) the interruption of sea-borne traffic 
with Byblos is lamented because “neither the cedar for the interment 
of the mummies, nor its pitch (ft), comes to Egypt.” (18) 

Sift is given the meaning of turpentine(?) in a translation of the 
great Ebers medical papyrus (19). 

All that can be gathered from the texts regarding the meaning of 
sift is, therefore, that it often came from Syria and was usually an oil, 
but that it can occasionally be translated as cedar-pitch. Cedar-pitch 
had been known for a very long time in Egypt, as Menghin’s dis- 
coveries in prehistoric graves at Ma’adi (20) prove. There is nothing 
to show that it was bitumen. Certainly, in the later Coptic it means 
resin or pitch, as does also the Hebrew word zepheth, which is 
probably akin to sift. Whether this ynonymous with bitumen we 
do not yet know. Sift is also closely connected with the process of 


mummification. 

Another old Egyptian word that has been thought to be related to 
bitumen is merhi (Table III, b). Erman-Grapow translated mrh.t (21) 
as Salboel, Oel, deriving it from a verb wrh meaning anoint, a deri- 
vation which Brugsch also gives (22). 

About fifty years ago Maspéro devoted much study to this word (23). 
In papyrus No. 5158 at the Louvre and papyrus No. 3 in the Boulaq 
Museum, he found descriptions of the process of mummification in 
which different kinds of merhi are mentioned and came to the con- 
clusion that the word stood for oils used “pour y faire dissoudre 
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toutes sortes de matiéres qui la rendent épaisse et pateuse” (to dissolve 
all kinds of substances which make it thick and pasty). In some 
instances he assumes that it means “poix (huile?) extrait des arbres 
croissant sur les montagnes du Liban” (pitch (oil?) extracted from the 
trees growing on the heights of Lebanon). 

Loret subjected that study to close criticism (24), and came to the 
conclusion that the derivatives of merhi do not generally denote 
bitumen; the word merhi is always translated as oil in the general 
sense of ointment. He suggests, nevertheless, that this word has the 
same meaning as mennen, which we shall discuss, so that, according 
to his reasoning, it would denote bitumen after all. 


Table II Nomenclature of 


Bituminous 


Moterials in Antiquity 


(Syr. "étdo) 


Hieroglyphs Coptic Hebrew Cuneiform 
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Merhi (mrh.t) is a word of frequent occurrence in the Pyramid texts 
(25), where it signifies an oil used on a large scale, but it is not made 
clear whether it is of animal or of vegetable origin. Chassinat (26) 
quotes examples, ranging over the entire period of Egyptian history 
up to the Roman period, in which this word is used to denote an oil, 
certainly not a grease. Budge translates it as unguent, grease, fat of 
any kind, and Ebers as oil, animal fat, in any event liquid or unctuous 
substance. 

At the end of his study Chassinat adds that in some cases the word 
may have some other signification, viz. “dans les références liturgiques 
suivant le cas de ’huile, de la graisse, de la poix ou du bitume” (malthe, 
poix minérale) (in liturgical references, oil, grease, pitch or bitumen 
(mineral pitch) as the case may be). There is, at all events, nothing to 
justify the translation of this word by bitumen unless it is clear from 
the context that this is the meaning, or in those cases where, in a 
bilingual text, it is made equivalent to terms definitely known to mean 
bitumen. For example, a late text calls it an equivalent of the Coptic 
amrehe, which means bitumen (27). 

The third term, mennen (Table II, a) has more right to be translated 
as bitumen. Brugsch gave it (28) with reference to a text in the Pap. 
Rhind (vi, 1), in which mention is made of boiling (melting ?) bitumen. 
Erman-Grapow (29) translates it as bitumen. Maspéro (30) points out 
to us that mennen was imported into Egypt from Phoenicia, Thabor 
or Punt (S. Arabia?) via Koptos, and thinks it stands for a kind of 
resin. Loret (31) had disputed this and thinks bitumen is meant. He 
admits that it comes from Syria or Phoenicia to Egypt and in some 
cases from Punt via Koptos, but bases his argument upon the known 
text of Dioscorides (32) in which he dwells on the use of bitumen for 
mummification, He also points out that the word mennen is often 
written with a suffix (so-called determinative) in the hieroglyphic texts, 
denoting granular or pulverized materials. He moreover cites the 
recipe for a scented ointment, which speaks of triturating and sifting 
mennen. It is also mentioned together with soda for the treatment of 
the swathes of mummies. Various quantities of mennen are mentioned 
in the great Harris Papyrus, e.g. 30 kilogrammes (xxxiii, B. 12), 32 
baskets (Ixiv, C. 12) and 30 kg, or 10 baskets (Ixx, B. 14—15), in the 
last-mentioned case cited in one breath with quantities of certain resins. 
Yet Loret still doubts his own identification of mennen with bitumen. 

It is also mentioned in a medical excerpt of the Ebers Papyrus (54. 
19) which Ebbell translated (33). It contains a prescription to triturate 
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orpiment together with bitumen (mennen) and to place this mixture 
on heated bricks. It claims that inhalation of the vapours will relieve 
a cough! 

We are inclined to infer from all these data that mennen stands for 
the glancepitch known especially in Syria. This material greatly re- 
sembles the resins so well known to the Egyptians, as far as appearance 
and melting point are concerned, and they therefore perhaps mistook 
it for a resin. This is not unlikely, seeing that mennen was used for 
all the treatments involved in mummification for which resins were 
also employed, and so perhaps Maspéro and Loret are both right in 
the end. One thing is certain, namely, that mennen is explicitly made 
equivalent to the Coptic amrehe in later texts and that it came from 
those parts where deposits of glancepitch are known to be, which 
deposits seem to have been mined very early (34). 

One of the best-known terms for petroleum is the Akkadian word 
naptu (Hebr. natpik; Greek, vdg@a; Arabic, alnaft). The source of this 
word has long been a matter of doubt. Many investigators have taken 
it for an Iranian word. This is Darmesteter’s opinion (35), for instance, 
who derives naphtha from an old Iranian word nab (to wet); which 
he then assumes to have passed into the Persian language of the 
Avesta’s as napta; the latter word is then supposed to have given rise 
in Mesopotamia to the Akkadian word naptu. 

At the Second World Petroleum Congress (Paris, 1937) Herzfeld 
not only defended this theory, but even quoted from the myths of 
old Iran (36) to support it. Although the word naphtha is not mention- 
ed anywhere in these myths, a hymn to the goddess of the Earth 
speaks of an eternal fire, which needs no feeding and is to be found 
on the southern coast of the Caspian Sea. Another hymn mentions a 
fire—a symbol for Iran—burning in the ocean. This is a legend which 
also has come down to us from Indian lore. Further, the Iranian myths 
have a water-god, Apam-Napat, who has much in common with the 
god Neptune. Attempts have been made to relate the names of these 
two gods to the word naphtha, or at any rate to the original stem nab 
(Meillet). We cannot go any further into the philological aspect of 
this problem (on which expert opinion is still divided), but may point 
out that, as the word naphtha has not been expressly mentioned in 
these myths, the connexion should not be assumed to exist as a matter 
of course. These mythical fires may be nothing more or less than 
different forms of the sacred fire which plays such an important part 
in Iranian religious cult. Supernatural qualities or magic powers were 
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ascribed to these fires, but there is nothing to show that they were 
mentally connected with burning natural gases or petroleum. Fires 
invested with magic power occur in the legends of practically every 
people in whose religious cult fire plays a part. However, we possess 
other proofs of the existence of the word naptu in Mesopotamia, 
before there can be any question of an Iranian text. Its derivation from 
napatu, nabatu (to flare up, to blaze) is in perfect agreement with 
Akkadian habits of word formation and proves that here the word 
naptu was not formed for a special application, but described the 
natural phenomenon, like other terms for bitumens in Mesopotamia. 

We moreover possess a number of old texts containing this word. 
The most important is an old Babylonian text (37) which, according 
to Hunger (38), dates from about 2000 B.C. and in which naptu is 
used in connection with oracles, We would further mention four texts, 
of which, admittedly, we only have a later version, but which certainly 
draw on older originals. In one of them a certain person pays } shekel 
of silver for naphtha (39). Two omen-texts speak of a flood of naphtha 
(40) or a naphtha fire in a certain part of the town (41) as ill omens. 
In a fourth text it says: “If in a certain place of the land naphtha oozes 
cut, that country will walk in widowhood” (42). 

These few lines are probably sufficient to rule out any but an 
Akkadian origin for this word and to show that it spread from 
Mesopotamia both to Iran and westward. That is why we cannot 
agree with Séguin, who at one time thought he had to do with a 
Hebrew original (43). In Mace. II, i, 36, naphtha is mentioned in 
direct connection with the “Persians”. A curious point about all these 
texts is that naphtha still stands for crude oil. It was not until after 
the introduction of distillation that the word naphtha gradually came 
to mean gasoline. 

The classics use naphtha for “crude oil” generally, maltha being 
sometimes used fora very thick and viscous asphaltic crude oil, though 
its true meaning seems to be the pure native asphalt which we will 
discuss later on. Latin texts often call it bitumen liquidum, though 
they generally use the terms of the Greeks freely. 

The word petroleum was not coined until the Middle Ages and 
then used for crude oil. Later, when the fraction boiling at somewhat 
higher temperatures than gasoline or petrol, was also distilled off and 
used for lighting purposes the term “kerosene” came into use. But 
these and other fancy names for petroleum products have no etymo- 
logical connection with the earliest terms. The transition in the 


14 BITUMEN AND PETROLEUM IN ANTIQUITY 


meaning of naphtha is quite clear in the writings of al-Kazwini who 
speaks of alkir as a synonym of malta and of black al-naft (naphtha, 
crude-oil) and white al-naft obtained from it by distillation (and hence 
denoting petrol or similar fractions). 

The other terms for the asphaltic crude oil are directly related to 
the bitumen which can be prepared from it in such large quantities, 
a relation, therefore, of which the Ancients were already fully aware. 

The term Saman-iddi, meaning literally oil of bitumen, was used 
for crude oils. Saman-Sadi (mountain oil) is a term that also occurs. 
But even older names are known to us. The Sumerian term for the 
former is 1A-G1s-EstR (44), the latter is called 1A-KuR-RA (45). Mention 
is also made of EstR-NE (literally “fire bitumen”) (46) which probably 
refers to burning natural gases or, perhaps, to crude oil. 

Of much more importance to the Sumerians, the oldest inhabitants 
of Mesopotamia, were the solid and semi-solid bitumens, and this is 
clearly shown by their nomenclature, which covers a variety of names 
for grades of bitumens. At the same time it is evident by this nomen- 
clature that bitumen was mainly obtained from seepages. True, rock 
asphalts and asphaltites were known and sometimes used, but in 
production and economic importance they were far behind the other 
products. But the Sumerians seem to connect definitely “bitumen” 
and (subterranean) water. One has only to consider Table II, c, which 
is descended from the oldest cuneiform sign for Estr (bitumen), to 
see that the latter conclusion is justified. Of the two signs used for 
Estr, Table II, f, occurs invariably in the oldest texts, but is repre- 
sented in the later texts by Table III, e, which more particularly means 
“bitumen”. However, both characters are composite signs or ideo- 
grams and go back to the basic pictograph LaGAB (Table III, g) 
according to Deimel (47) which originally meant “cask”, and was 
later on also used for “surround, shut off, etc.”. By combining it with 
other signs the two ideograms for EstR were formed. Thus the oldest 
sign is taken to be a combination of LAGAB + HAL, a combination 
which we do know from the oldest pictographs (48) in the form given 
in the figure, but which, in cuneiform, had degenerated to §1, 484. 
This symbol not only has the general meaning of “ocean, fresh water, 
abyss”, but is also used for “river, canal, source”, and similar concepts. 
This has something to do with the Sumerian conception of our world. 
They conceived of it as floating on a large freshwater lake, the “ Apst”, 
from which rivers and wells received their water and from which 
also rose all kinds of demons to ensnare mankind. 
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Hence a symbol was used for bitumen indicating that this substance, 
like river-springs and well-water, oozes from the depths of the Earth. 
Very often this symbol is found combined with the symbol for water, 
accentuating, as it were, the idea of bitumen being a substance issuing 


from the freshwater abyss, or as Deimel expresses it: “Wie das Siiss- 


wasser quillt in Mesopotamien das Bitumen aus dem Apsti hervor” 
(SL, 457). (In Mesopotamia bitumen wells up, like fresh water, out of 
the Apst). 


We have to wait until we get to the late Sumerian texts to find a 


Fig. 1 


Bitumen spring near Hit. 


separate sign (Table III, e), a compound of LAGAB and NuMEN, which 
we do not know from old Sumerian texts (SL, 487), but which is 
generally used for Estr. The later Babylonians and Assyrians, who 
spoke a Semitic language (Akkadian), but used the old Sumerian 
signs, to which, consequently, they imparted a phonetic value, com- 
piled many vocabularies, a kind of Sumerian-Akkadian dictionaries. 
From these dictionaries it is quite clear that this late-Sumerian sign is 
used for the Akkadian words iddt and kupru, both meaning bitumen. 
We shall revert to these terms later on (49 


In the texts bitumen is written in two ways, viz., SL, 487 preceded 
by the symbol for water; this combination is represented by Estr. The 


symbol su 487 also occurs alone, and is then represented by Esir (or 


We shi 


esir. adopt this (Continental) spelling in our subsequent 


pages. 


This relation between bitumen and the freshwater abyss also appears 
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from other examples, e.g. in magic texts, in which bitumen is the 
seat or the symbol of powerful evil spirits, spirits rising from the 
Apst to do harm to man. 

In several vocabularies bitumen is related to other products de- 
posited by the water on the banks of the rivers. The Sumerians were 
acute observers of natural phenomena around them, and the peculiar 
structure of their language enabled them to express the qualities 
(especially visual ones) of rocks, minerals, plants and animals, etc. in 
their nomenclature. Thus, they used the same rootword for a group 
of objects, e.g. rocks which they thought were related, and differ- 
entiated each member of such a group by a suffix expressing its 
characteristic properties, Thus we see the products from the rivers 
(Sumerian, ip) grouped as follows (50): 


(Sumerian) (Akkadian) 
KI-A-(AN)-fD kibritu black crude sulphur 
Un-(AN)-fD yellow sulphur 
BA-BA-ZA-(AN)-iD pappasi gypsum from the Euphrates 
A-GAR-GAR-(AN)-ID 


= } (idda, kupru?) bitumen, pitch. 
(EstR) 

In a similar way various bitumens are distinguished by suffixes to 
the root EstR, to which we shall revert. The A-GAR-GAR-(AN)-{D occurs 
usually in medical texts and, according to Campbell Thompson, seems 
to be the crude wet form of bitumen obtained from the seepages. 

As to the word rstr, Havpr (51) has pointed out that it stands by a 
common vocalization for a stem str, lit. illuminating water(?), 
Besides, restr or iddd is mentioned positively with special reference 
to the river god tp (52). 

All this is given tentatively as additional proof that seepages in the 
vicinity of Hit played a leading part in the production of bitumen in 
ancient Mesopotamia. The present town of Hit is often mentioned in 
Sumerian literature as Duddul (Duldul, Dudul) or Idu (53); later on 
the Greeks refer to Is. The word Duddul is assumed to be derived 
from but (well), and Idu (1-ru) seems to be connected with fp (river). 

This town being the principal production centre of bitumen, its 
later Akkadian name iddi was given to bitumen (54) so that the 
present name Hit may be considered as being derived from the 
Sumerian name. This iddt, also written itti or itt (55), therefore 
first indicated the product from the seepages; later on it was used in 
a mote general sense. 
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If we want to define more narrowly the different kinds of EstR 
occurring in Sumerian literature, we must not, like Forrer (56), start 
exclusively from the question as to whether these different kinds are 
measured or sold by weight or by volume, as this reasoning may lead 
to wrong conclusions. It is far better to ascertain in the first place for 
what purposes the kinds of Es1x mentioned in the texts were used, 
taking into account at the same time whether they were sold by weight 
or by volume, and, of course, not neglecting the price mentioned for 
the various grades. The so-called Period of the Third Dynasty of Ur 
(ca. 2100—2000 B.C.), Ur III, provides much information about these 
prices, enabling us to arrive at an average price. We have calculated 
these prices in shekels (Sum. Grn) (ca. 8.5 g of silver) per ton; in the 
absence of exact data by which to fix an index figure for these early 
times, these prices may be considered only as relative values, but this 
is all we need for our purpose. 

It is permissible to draw conclusions from the Sumerian nomen- 
clature directly, provided they be confirmed by the texts concerning 
applications, as the translation for the various names is by no means 
firmly established in all cases. A point which is naturally confusing 
to anyone not acquainted with the Sumerian language is the fact that 
various scholars pick out different values for one cuneiform sign; 
thus their translations show different terms which are in reality the 
same. We will give the terms as found in the papers cited in each case. 

Let us first take the group of natural asphalts. Those obtained from 
seepages were, of course, of the utmost importance. 

ESIR-LAH Of ESTR-UD (UD, PAR (see below), and Lan are indicated 
by the same ideogram) seems to be the natural asphalt from the 
seepages, which in purity and freeness from ash approaches present- 
day asphaltic bitumen. Only small amounts of occluded water have 
to be removed from it. We are inclined to infer from the texts at our 
disposal that Estr-LAn is this purified bitumen, which, therefore, in 
point of properties, corresponds to the asphaltic bitumen obtained 
from crude oil by inspissation, or from rock-asphalt by melting under 


certain conditions. 

In the Ur III period we find many lists of large quantities of 
LAH expressed weight or volume, in quantities varying between 4950 
and 20 kg, and between 8500 and 1089 litres (average ca. 2900 kg); 
the price for quantities by weight and volume is the same, i.e. roughly 
3—5 shekels per ton. One text even speaks of a tribute of 280 tons of 
FSIR-LAH to be paid to the king of Ur by the town of Girsu (57). This 


TR- 
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bitumen is frequently mentioned in connection with brick-work (inter 
alia “for the house of the Grand Vizier’’) (58) and with shipbuilding 
(59). Another text of the same period tells us that five ships laden 
with Esir-LAu have been despatched to Ur. 

The term Esfr-par is also mentioned (60), but as PAR is one of the 
values of the ideogram up, this is identical with the above grades. 
Our final conclusion is, therefore, that translations of texts mention the 
following different readings of the same cuneiform signs forthe purified 
bitumen from the pools of Hit: 1) Estr-LAu, 2) EsiR-UD, 3) ESiR-PAR. 

For the crude impure product of the pools we already mentioned 
the terms A-GAR-GAR-(AN)-iD or A-GAR-GAR-(dingir)-fp, which seems 
to be used in medical texts in particular. Besides this term, however, 
ESIR-UD-DU-A, ESIR-E-A (61) is also used. The addition &-a (SL, 579, 
458) means, according to THUREAU-DANGIN, qui sort, qui jaillit (which 
emerges from, springs from), so that we are here clearly concerned 
with the crude bitumen which oozes up near Hit. It is identified by 
several scholars with kupru (62). This kind of bitumen is mentioned 
in medical texts (63) and seems to have been used for the seams of 
ships. Hence, the crude natural asphalt is called 1) Estr-i(uD-pU)-A, 
2) A-GAR-GAR-(AN)-(dingir)-ip. 

Several terms are also known for rock-asphalts, the principal being 
ESIR-HURSAG (64). 

This word HuRSAG means “mountains”, perhaps more correctly 
mountain-range, in contradistinction to KUR, mountain. Obviously, 
therefore, rock-asphalt is meant in this case. Gudea, the priestly ruler 
of Lagaé (ca. 2400 B.C.) had it brought from the mountains of Magda. 
A quantity of 109 tons(?) is inscribed on the plaque bearing his image. 
It remains to be seen whether this is the exact quantity, or whether it 
does not rather stand for the whole consignment of bitumen, gypsum, 
etc., as the other texts of the slightly later Ur II period mention only 
smaller quantities, such as 7200 and 840 kilogrammes. 

The other terms for rock-asphalt and like products were EstR-A- 
BA-AL-HURSAG and ESiR-A-BA-AL. 

It is not clear as to what the termination a-Ba-ax (65) really signifies. 
Possibly it means that the crude rock-asphalt boiled with water yields 
bitumen, but so far no account of this technique has been found in 
old writings. In Barron’s opinion it means(?) drawn or dipped from 
a well. Maybe, however, bitumen was obtained from this rock-asphalt 
by the very ancient process of destillatio per descensum (dripping) 
(66), as we have occasion to prove. 
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Like the rock-asphalt Esfr-HursAG, this rock-asphalt was sold by 
weight. Amounts like 606, 1515, 91, 45 kilogrammes and 55.3 tons(?) 
are mentioned on tablets of the Ur III period, so on the whole for 
smaller quantities than of the other group of bitumens, although the 
price is roughly the same, namely, 4.1 shekels per ton (67). This 
bitumen was used for the building of houses and terraces. 

It was by no means only Gudea who obtained this bitumen from 
the mountains, for Sargon also imported rock-asphalt from Kimas 
(Elam, the mountainous district along the present frontier between 
Iraq and Iran), and Ibi Sin had it brought from the region of Magda. 

There was another product, akin to rock-asphalt, known by the 
name of 1G1-Esir. This also came from the mountains (68) and was 
sold by weight (69). The texts of the Ur III period record only small 
amounts of 75 to 5 kilogrammes, an average of 40 kg, but the price 
is appreciably higher than that of the grades hitherto discussed, viz. 
10.4 shekels per ton or more (70). THurEAU-DANGIN gives the word 
ESfR-IGI-ENGUR in Gudea’s big inscription (71). He assigns to this 
word the same meaning as KUNIN (SL 487,5) which, in turn, is identical 
with kupru and, as pars pro to, is used for a ship caulked with bitumen 
or bituminous mastic. 


In view of the small quantities and high price, it may be assumed 
that the product in question is a bitumen (épuré) prepared by melting 
down rock-asphalt, The relatively slender demand for it may be ex- 
plained firstly by the importation of large amounts of rstr-LAu and, 
secondly, by the low yield and high prices of fuel. 

To sum up, then, the following names have been found in translated 
texts of rock-asphalt: 1) esfr-0RSAG, 2) EsiR-A-BA-AL, and 1GI-ESIR 
for refined rock-asphalt (épuré ?). 

The names of other kinds of bitumen clearly express the use to 
which they were put. The product mentioned most often is Esik-H-A, 
which we will identify with bituminous mastic. Forrer questions this 
identification; he points out that, as this product is always referred 
to by volume, it must have been liquid. Moreover, he does not seem 
to distinguish the signs rsfr-t-a from the rstr-i:-A already mentioned. 
(72). % is the sign for house (5: 487, 3) Esix-f- is always mentioned 
in connection with buildings and brick-work (“for Urnammuu’s libation 
table”; “for Gimil-Sin’s house”; “for the new palace”, etc.) (“for a 
gypsum container”), with caulking ships, water proofing baskets, 
wicker, mats and the like (73). No fewer than 77 texts of the Ur III 
period mention this product; the amounts range from a few kilo- 
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grammes to 3500 kg, an average of 452 kg. These amounts are usually 
given by volume (74). This does not prove that the material was fluid, 
least of all if we remember that the liquid mastic mixture was poured 
into “loaves” or baskets. We have had occasion to examine various 
mastics composed of Estr-LAn, fillers and fibrous material. When 
these were poured into the proper baskets or moulds, cakes were 
formed of a certain weight and volume. A sample originating from 
ancient Ur still clearly bore the marks of the basket in which it had 
been packed. The price of this material was considerably higher—at 
an average of 18 shekels per ton (21 shekels at a somewhat earlier 
date)—than that of the other kinds, a further proof that it is not the 
crude bitumen taken from the pools. Are we to assume that, fuel being 
very costly, it was the practice to mix the mastic on the site to avoid 
the second heating required for ready-mixed mastic? No wonder 
Fis says that this mastic was dearer than dates or barley! This high 
price was also no doubt responsible for the fact that very much 
smaller quantities of bitumen in this form were used than of the raw 
material for mastic. The translated texts mention other kinds of mastic 
as well, one of which was called Esir-GUL-GUL (or sUN-suUN), the de- 
terminative of which term refers to machinery for irrigation; the 
word is found in a text at the Louvre (75) and others (76). Apparently 
this product was also used for caulking ships, Esir-APIN (or ENGUR) 
is mentioned for a similar use. This aptn (77) stands for sowing- 
plough, dredger and other apparatus used for irrigational purposes. 
This grade of rsir is also mentioned in connection with shipbuilding. 
The texts mention small amounts of 300 to 5 kilogrammes, but no 
prices (78). 

The analyses of old samples, to be discussed later on, also go to 
prove that various kinds of mastic were made. They showed that the 
mortars for brick-work contained on an average 35 per cent of 
bitumen, and the mastic asphalt or asphalt mastic of floors and 
thresholds on an average 25 percent,a difference which, considering the 
number of samples examined, can scarcely be regarded as fortuitous. 

An object is referred to in some texts under the name of GIRRA, 
and is said to be made of bitumen (79). Forrer relates this word—to 
our erroneously—with the present Arabic word qir. The texts should 
be scrutinized again by experts. Perhaps, as the price seems to indicate 
ESIR-GIR (UD) is actually meant. 

A special kind of bitumen also occurs in Assyrian statute laws (80), 
ive. GIR, (81), which, apparently, was imported from the north. DemMEL 
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mentions that the word was used in connection with furnaces for the 
melting of asphalt, pitch etc. By Assyrian law some delinquents 
subjected to corporal punishment had, in addition, a jar of molten 
Gir, poured over their heads. A similar punishment was meted out 
in the Hana district (82). 

The following expressions are also interesting with regard to the 
use of bitumen: ; 

The term EstR-SuB-BA occurs in some texts of the Ur III period 
in connexion with house-doors and various objects, not yet clearly 
defined, made of reeds and rushes. This indubitably means “coating 
with bitumen”. Delitzsch translates this as “malaxer du goudron”, 
which certainly does not fit in these texts. Deimel and Meissner give 
approximately the same interpretation (83); Burrows (84) shares our 
view. 

It is interesting to note that three Ur III texts speak of a HUM EsIR, 
a mortar for bitumen; but, unfortunately, they do not define the kind 
of bitumen. It is very probably rock-asphalt, pulverized for further 
treatment. 

The number of grades of bitumen mentioned in the later Akkadian 
texts is limited to two, We used, certainly, to think amaru (85) was 
recognizable as a word for bitumen that might be the prototype of 
the Hebraic hémar, but closer study of the text proved that this was 
not so. 

The word iddt is written with the symbol estr. As we have already 
contended, the word is probably connected with the name of the city, 
Hit, and firse, therefore, stood for the soft, sometimes moist, product 
of the pools (86), but was afterwards used in a more general sense. 

‘The second term, kupru, was usually represented by the symbol 
for estr. It is related to a root kpr, which means to coat, and is used 
as a rule for harder bitumen or mastic. There are two other signs 
(Table IH, f) which are read as kupru; the first is mentioned by Deimel 
(87) and Delitzsch, the second by Barenton (88) and Delitzsch, and 
both are made equivalent to Estr. So although a difference undoubted- 
ly exists between these two kinds, as is apparent from several texts in 
which they occur side by side (89), this distinction is not always me- 
ticulously observed, especially in the later texts. The nomenclature 
suffered from the same carelessness in antiquity as in modern publi- 
cations. As a rule iddt is rendered by asphalt, bitumen, etc., in trans- 
lations, and kupru by poix, Erdpech, pitch, by which at least the 
difference in hardness is to some extent indicated. 


i) 
is) 
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There is certainly no Akkadian original of the Greek asphaltos, 
such as the hypothetical aspaltu which some technical handbooks 
mention. Lidell-Scott is right in deriving asphaltos from the verb 
“sphallo”, to split. The Greek language possessed another word for 
these native asphalts, viz. pissasphaltos which is used especially for 
rock asphalts, though later writers often use it for fossil resins am- 
pelitis (sometimes ozokerite or such mineral wax) and other vaguely 
similar substances which the Greeks with their much smaller knowl- 
edge and application of these materials failed to keep apart. Maltha 
is the purer asphalt and this term is taken over by the Romans, who, 
however, preferred the word bitumen. 

“Lapis bituminis” occurs only in some post-classical alchemical 
writings, but seems to have used for our “rock-asphalt”, as far as one 
can judge from the often obscure context. The Sanskrit words are 
given only tentatively. They are somewhat rare as are the native 
asphalts in India though a few pools of a thick black asphaltic crude 
oil exist in Northern India. However, these products seem to have 
been rather uncommon, we can deduce this too from the fact, that 
substances like pitch, asphalt(?), gum or resin were all expressed by 
the same word “jatu”. 

The vagueness of ancient nomenclature is very prominent in the 
words for the different members of the coal family, this is of course 
partly due to the lack of discrimination and the rare use of these 
materials. For heating or metallurgical and other purposes charcoal 
was the common fuel and the words for this material are very often 
used for coal too. Thus, for instance, “anthrax” is used in the sense of 
catbuncle by Aristotle, for charcoal by Thucydides (90) and for real 
coal by Theophrastus (91). 

In the Middle Ages the confusion is greatly increased because of 
the indiscriminate use of “ampelitis” for all black fossil matetials, 
whereas the ancients had used it only to denote rare asphaltite-like 
material (92) or like gagates for some kind of lignite (93). True coal 
was of course hardly used before the Middle Ages except perhaps for 
domestic use in Roman Britain (94). The general fuel was wood, 
camel dung or charcoal. 

Terms, denoting wood tar and wood-tar pitch are much more 
frequent. Prof. Campbell Thompson mentions several in his publi- 
cations (95) and other Akkadian terms are common on contract 
tablets (96). The Hebrew “kopher” and “zephet” occur very often in 
the Bible (97) and the classical words are very common in ancient 
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literature. It must be borne in mind that incomplete as this table 
may be, such compilations and classifications are urgently needed. 


WHERE BITUMENS WERE FOUND 


Our second point will be to find out where bitumens were found 
in Antiquity. 

Complicated as this question may seem, several factors conspire 
very happily to lighten our task in answering it. The first of these 
factors is the development of ancient mining methods. \t is well known 
that these methods were still primitive and were practically limited to 
placer-mining, open-cut mining or pit-mining. The exploitation of oil 
pools or asphalt-lakes may be called a form of placer-mining, they 
were of course easy enough. The open-cut way of digging out layers 
of bituminous rocks may have been used, but pit-mining, generally 
restricted in Antiquity to depths of less than 300’ must have been 
used very rarely. Where surface indications did not exist it was im- 
possible for the ancients to have guessed the situation of an oil for- 
mation in the ground beneath. 

Thus the second factor is this: if ancient geological knowledve was slight 
the exploitation of bitumens must have been limited to obvious de- 
posits, i.e. to surface deposits. Indeed the only classical writer with 
a wider view on minerals giving exacter descriptions was Theophras- 
tus (98). 

Though Assyrian texts contain some remarkable practical obser- 
vations on this subject, there is nothing worth noting on bituminous 
materials. We feel that though the general characteristics of these 
products were known, no real geological knowledge about their 
origin and deposits existed. 

Again our way of tapping crude oil deposits by deep drilling methods 
could not be used, because technique was not yet sufficient advanced 
in ancient times and gas pressure usually existing in oil deposits made 
it impossible to follow pit-mining methods. 

True, the Chinese seem to have used drilling since about 200 B.C. 
and have made wells to a depth of 3500’ with equipment of a sur- 
prisingly primitive nature (bamboo tubes and bronze bits). They have 
thus tapped oil and gas layers and used them for different purposes 
(heating and lighting), but this knowledge never reached the Old 
World in the period we are discussing (99). 

We are thus led to the conclusion that it must have been impossible 
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to exploit the deeper and richer bituminous deposits in Antiquity and 
that development was confined to the so-called surface deposits. 

What is the nature of these “surface deposits” ? 

Crude oil or bitumen occurs in deposits of sandstone, limestone 
or clay (shale), where it is formed from the original plankton, which 
was deposited together with the sandstone shale or limestone. The 
oil-bearing stratum thus holds the crude oil in its pores together with 
the gas and water also formed by the chemical decomposition of the 
original plankton (Table I). . 

The gas formed during this prolonged chemical reaction often 
causes a high pressure in the oil-stratum and would have driven out 
the oil and water, had this not fortunately been prevented by im- 
pervious layers (clays, shales and the like) which usually shut off the 
oil strata from higher and lower layers. Still these sealing “cap-rocks” 
are often damaged by the earth’s movements and the ensuing fissures 
can be a means of escape for oil, gas and water to the earth’s surface. 
There pools are formed, so-called “seepages”, which may still produce 
large quantities of very inflammable gases, which bring oil or bitumen 
up to the pool from the original oil-deposit. Seepages of this kind are 
very common in Mesopotamia. In Northern Persia and around the 
modern Baku we often find gas escaping alone through fissures in the 
earth. These gas-wells have been known as burning pillars of fire since 
untold ages. Even up to the present day we find Parsee temples near 
Baku. 

However, several oil-strata do not remain underground but have 
one wing extruding from the earth’s surface. When such an outcrop 
occurs it is natural that the gases escape and very often the lighter 
fractions of the enclosed oil evaporate slowly. The result is that the 
heavier residue remains in the rock. These outcrops of bituminous racks 
or rock asphalts occur all over the world, their bitumen content varies 
from 4 to 20°/,, and we shall see that it is quite possible that bitumen 
was obtained from them in Antiquity. 

Veins of asphaltites and asphaltic pyrobitumens are somewhat un- 
common but still they belong to the surface deposits which may have 
been exploited. 

Now that we know the nature of these surface deposits we must look 
for their occurrence in the ancient world and compare our modern know- 
ledge of these outcrops with the references to them in ancient literature. 

Africa is a continent relatively poor in bituminous materials and 
this seems to have been the case in Antiquity too. 
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One of the problems to be raised is that old controversal question 
as to whether the ancient Egyptians were acquainted with petroleam 
and bitumen and whether these materials were generally used in 
Egypt. One of the things which Séguin (100) has tried to show is 
that the frequent mention of mysterious, earth-fed fire which water 
will not quench reflects memories of, or acquaintance with, petroleum 
and natural gases in Egypt. An assumption of this kind cannot be 
accepted off-hand. Fire plays so eminent a part in the religion and 
magic art of nearly all ancient peoples that there is no justification 
for connecting a priori the many references in their texts and legends 
to mysterious fires (often of magic, i.e. chastening, power) with the 
burning natural gases or like phenomena known to petroleum geology. 
Flinders Petrie’s theory (originally Fessenden’s), quoted by Séguin, 
to the effect that the Egyptians originally came from the Caucasus and 
had memories of the natural gases and petroleum still burning there, 
was not only rejected by the archaeologists gathered together in Paris 
(1937), but was declared years ago by Petrie himself to be untenable. 
The vague knowledge that at one time bitumen was in some way 
connected with the preservation of mummies in Egypt is so exagger- 
ated and stressed in most works on bitumen that this is often the only 
use of bitumen in antiquity the | 

Every investigator must realize that the old Egyptian texts give 
him little to go by. Although we have access to many medical texts, 
including several describing the process of mummification, as a rule 
the enumeration of the ingredients used is not clear enough to enable 
us to decide what substances were meant. So-called technical texts 
are not infrequently merely lists or prescriptions which make identi- 
fication impossible, and so we have only gradually penetrated into 
the secrets of ancient Egyptian pharmacology. 

So even though a few words in the texts may sometimes signify 
bitumen, and one almost certainly does, we have reason to believe, 
on other grounds as well, that bitumen was not an important factor 
in Egyptian life. 

The Egyptians seldom availed themselves of the opportunity of 
collecting crude oil from the seepages on the coast of the Red Sea 
and producing bitumen from it. Recent investigations at the Djebel 
Zeit have shown that the seepages were not worked until Roman 
times when it was called Mons Petrolius and then only on a modest 
scale. Near the sea coast there are pits 3 metres deep containing many 
remains of the earthenware utensils with which the oil was skimmed 
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off the pools (101), Slight amounts seem to have been used in pharma- 
ceutical recipes. Such medical literature as the Papyrus Ebers (1550 
B.C.) sometimes mentions pr hr h3st.f: “what oozes forth from the 
desert” or mrht h3st, “oil of the desert”. From its applications in 
unguents and remedies for eye-diseases of the eyes it is clear that 
crude petroleum is meant, which is also used by the generation of 
Dioscorides and later pharmacists. It is interesting to note that these 
Egyptian terms are formed in the same manner as our present “pe- 
troleum”! 

Modern forms of analysis have also failed to produce much proof 
of the use of bitumen in Egypt. There were also much richer seepages 
on the Sinai Peninsula near Abu Durba and Gebel Tanka, which do 
not appear to have been put to account either. 

Not long ago, in the heart of Egypt, at Helwan near Cairo, strata 
of a fairly rich bituminous sandstone were discovered which appear 
to have been unknown before. Dioscorides mentions a special kind 
of material which he calls Memphites lithos (102). From the meagre 
description we are led to the conclusion that he must mean some kind 
of rock asphalt or perhaps an asphaltite. On the other hand the term 
“stone of Memphis” may have no direct connection with the former 
capital of Egypt. Although Joachim (103) translates the term “inr 
spdw” as “stone of Memphis”, but this is incorrect, the literal trans- 
lation “sharp stone” is the only one that fits the passages in the papyrus 
Ebers. There is therefore no reason to connect it with the Memphites 
lithos of Dioscorides. The total lack of references to sources of bitumen 
in ancient Egypt, when coupled with modern evidence, makes it 
pretty sure that bitumen was imported from Palestine or Syria. The 
only text mentioning bitumen from Hit (which will be referred to 
later on) in Karnak seems to record an exceptional case. In fact both 
Strabo (104) and Diodor (105) mention export of the Dead Sea 
bitumen to Egypt for the purpose of embalming. Though this use 
may not be as common as it would appear from these texts, the 
evidence must not be ignored. 

Vitruvius (106) says: “There is also a lake of Ethiopia which anoints 
men who swim in it”, but no modern oil-seepage in this country can 
be indicated as the source to which Vitruvius is referring. The same 
holds true for another passage in his book (106): “There is also a 
spting at Carthage on which floats an oil with the perfume of cedar 
shavings and with this oil sheep are usually dressed”. The same 
seepage seems to have been known to Aristotle (107). 
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However, this seepage in North Africa can have been of local 
importance only, for we know to-day of several other seepages in 
this region but even modern drilling methods have failed to strike 
profitable oil-deposits except in the desert regions. 

Palestine was a region much richer in surface deposits than Africa 
and we have a lot of reference on this country in ancient texts. 

Seeing that from Ptolemaic times a certain amount of bitumen was 
exported from Palestine and Syria to Egypt, it is very strange that 
although the numerous deposits of bitumen in various forms were 
known even in antiquity, the bitamen does not seem to have been 
used in the countries of their origin themselves. 

In excavating the remains of Jericho Garstang (108) found a 4’ 
thick wall enclosing an area of about 4 to 5 acres. [t was built by 
cementing large bricks with bituminous earth and could be dated 
back to the Early Bronze Age (2500—2100 B.C.). 

Albright (109) points out that a certain amount of bitumen has been 
found in various places. Thus Duncan found a “considerable deposit 
of lumps of asphalt” in Ophel, in Canaanite Jerusalem, dating from 
the Third Millennium, and in Tell Beit Mirsim nearly every stratum 
contains lumps of crude bitumen (from the Dead Sea?). These de- 
posits most commonly date from the Second Millennium, but some 
from the Second Iron Age, i.e. 600—100 B.C. also. Albright thinks 
that the bitumen many possible have been used for making furniture, 
but that any traces of it there may have been disappeared with the 
remains of the wood. In view of the properties of bitumen as preserved 
in very old saruples, we think that this is unlikely. It would undoubted- 
ly serve a good purpose if the bitumen of these deposits were subjected 
to analysis. 

Modern tesearch has proved the existence of many surface deposits 
of bituminous limestone as, for instance near Hammath, Tiberias and 
on the east shore of the Dead Sea. It may be that they are represented 
in a passage of Vitruvius (110) reading: “In nomad Arabia are lakes 
of immense size producing much bitumen which is gathered by the 
neighbouring tribes. This is not surprizing, because there are many 
quarries of hard bitumen there, when, therefore, a spring of water 
rushes through the bituminous land, it draws the bitumen with it, and 
passing outside, the water separates and deposits the bitumen.” 

But although these strata of limestone often contain up to 25°), of 
bitumen, it is unlikely that they have been worked up in early times 
generally, For the sources of asphaltic bitumen in and along the 
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eastern coast of the Dead Sea provided a far purer material in large 
quantities. Many classical writers refer to the Dead Sea or “Lacus 
Asphaltites” and to the “Bitumen Iudaicum” obtained from it. From 
these reports it is clear that the most important seepages were situated, 
then as now, in the Dead Sea itself and that they yielded a viscous 
semi-liquid asphaltic bitumen, or as Pliny clearly calls it “slimy bi- 
tumen” (111). This is stated still more graphically by Diodor (112) 
who tells us that the Dead Sea: “Is a large sea which yields up much 
asphalt and from which a by no means negligible revenue is drawn. 
The sea is about 600 stadia in length and 60 stadia wide. The water 
stinks and is exceedingly bitter so that fish cannot live in it, nor do 
any other aquatic creatures occur in it. Although large rivers of very 
fresh water flow in it, it remains bitter. Every year a large quantity of 
asphalt in pieces of more than 3 plethra float in the middle of the sea, 
but often they are only 2 plethra in length. That is why the Barbarians 
who live on the shores of the sea call the large pieces “bull” and the 
smaller pieces “calf”. When the asphalt floats in the middle of the 
water, it looks like an island to those standing on the shore. The 
advent of the asphalt is heralded 20 days before its arrival, for all 
around the lake the stench is wafted by the wind over many stadia and 
all the silver, gold and copper in the neighbourhood becomes tarnish- 
ed; but the tarnish disappears again when the asphalt rises to the 
surface. The district in the vicinity, which is readily inflammable and 
which is pervaded by an unpleasant odour, makes the people’s bodies 
ill and they die young.” 

Diodor has a similar statement (113) to make about a lake “in the 
land of the Nabataeans”, the present Transjordania, which passage 
must be considered to be merely a duplication of the one quoted 
above. 

It is a very good description of an oil seepage emitting hydrogen 
sulphide (H,S)-containing gases. Similar phenomena are well known 
to occur at the present day in Mexico, Trinidad and many other parts 
of the world. 

Ina similar record, Josephus (114) says: “The change in the colour 
of the (Dead) Sea is a marvel. It changes three times a day if the rays 
of the sun enter it differently, they are reflected differently”. This is 
probably an allusion to the interferential colours caused by a thin 
layer of oil on the surface of the water. It also transpires from the 
writings of Strabo (115) that: “It is full of asphalt. The asphalt is 
blown to the surface at irregular intervals from the midst of the deep, 


WHERE BITUMENS WERE FOUND 29 


and with it rise bubbles, as though the water were boiling; and the 
surface of the lake, being convex, presents the appearance of a hill”. 
Here again Strabo gives details on the development of H,S con- 
taining gases, which details we need not repeat here. The fame of the 
“lacus Asphaltites” lingers on and we find references to it in the 
writings of Suidas (116) and Isidore (117). Long after the bituminous 
materials had fallen into disuse the writers of the Middle Ages still 
recount the wonders of the Dead Sea. 
Thus the author of Voiage and Travayle of Sir John Maundeville (a 
precursor, indeed, of Baron von Miinchhausen) writes the following 
(Cap. XXX): “And two mile from Jericho is flom Jordan and you 
shall wete the Dead Sea departeth the land of Juda and of Araby and 
the water of the sea is right bitter and this water casteth out a thing 
called aspatum, as great pieces as a horse.” 
In the translation of the Bible by Luther we find that “The vale of 
Siddim was full of slime-pits” (118). The fact that “asphaltos” has 
been translated as “slime” (or “glue” in the Dutch Svatenbijbel) is 
eloquent of the oblivion into which bitumens had fallen since An- 
tiquity. The glance pitch deposits by the Dead Sea seem to have been 
neglected in Antiquity, these days they are mined for local use only. 
We have some slight evidence on the exploitation of the Dead Sea 
bitumen, In this matter we must partly advance an opinion contrary 
to that of Lucas (119) and maintain that bitumen must have been 
of sufficient importance to Egypt to guide its foreign policy in a way 
at least in the Hellenistic period. We can read in Diodor (120) that 
Antigonus I, when at war with Ptolemy I, attempted to get the 
bitumen fishery on the Dead Sea into his own hands as a means of 
furthering the war. This, however, goes to show that it was very 
important to Ptolemy. Hieronymus, the governor of Idumea, failed 
to wrest the east side of the Dead Sea from the Arabs who at that time 
seem to control the fishery and to export the bitumen to Egypt. 
That Egypt does not produce bitumen itself is shown by the fact 
that “asphaltos” is not among the Ptolemaic monopolies, though 
every other non-vegetable product of the earth was, e.g. salt, “natron”, 
all mines and quarries. At some time during his reign Ptolemy II 
succeeds in taking the east coast of the Dead Sea from the Arabs, i.e. 
secured the important bitumen fishery for himself and Egypt. We do 
not know exactly what Ptolemy II did with the substances produced 
in foreign countries under his rule which, had they been produced in 
Egypt, would have been government monopolies. His control over 
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this stretch of Nabataea amounted to a monopoly, as he controlled 
the largest source of economical supply of bitumen for export to 
Egypt. 

At a later time the east coast was lost to the Seleucids, and then 
acquired by the Nabateans from whom Antony took it to give it to 
Cleopatra, which means that Egypt again got the control of the 
bitumen fishery. Cleopatra leases the sole exploitation to Malchus the 
Nabatean for 200 talents a year in 36 B.C. and when he fails to pay, 
Herod punishes him in 32-31 B.C. on the instigation of Antony and 
Cleopatra (121). 

The further history of the bitumen fishery is again lost in the dark. 

We will now turn to Syria. It is not definitely known whether the 
many deposits of bituminous limestone and the like were exploited 
in Antiquity. Very likely they were in Sak-el-Chan, where it is said 
that open-cut mining was started about 1600 B.C. Large deposits of 
a very pure asphalt (containing at most }%, of ash) are also found 
neat Kfarje between Beirut and Ladikyeh, where even to-day great 
quantities are mined. (Table V). There are, unfortunately, few ancient 
accounts of development in this region. 

Isidore (122) mentions oil seepages in Syria and Vitruvius (123) 
mentions “lakes producing bitumen” near Joppa, but does not give 
a detailed description of the source. Dioscorides mentions Sidon as 
the source (124), which, according to Engler, is a reference to “Sid- 
dim”, hence to the Dead Sea. 

This idea is incorrect, for Pliny refers to Sidon too (125) and adds 
that the bitumen occurs here “as am earth”. There can, therefore, be 
no mistake in supposing that, not the Dead Sea, but Sidon and 
probably the bituminous limestone and may be, the glance pitch of 
Sak-el-Chan is meant, though the latter must have been of little use 
in Antiquity for several reasons which we have already discussed. 

The only archaeological find of interest to us is a pendant from 
Byblos in which pearls and coloured precious stones are fixed in gold 
filigree with bitumen (126). Strangely enough, we know of no texts 
from these parts which make any mention of bitumen; not even the 
recently discovered Ras Shamra texts make any reference to it. A 
layer of material, identified by Claris (127) as bitumen, has been found 
at the bottom of a sarcophagus at Byblos, but the analysis is not 
very convincing. Séguin (128) felt justified in assuming that the 
Phoenicians traded in bitumen and took it even to Carthage, where 
it was used for embalming the dead. Without further proof, based on 
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analyses, we feel that these assumptions should be treated with reserve, 
particularly as Séguin’s data are largely derived from Mover’s book 
on the Phoenicians which, in the light of more recent archaeological 
discoveries, has become somewhat antiquated. Nor is it an established 
fact that, as Moret (129) states, bodies in Canaan were wrapped in 
bitumen-coated mats and then burned on funeral piles, as they were 
in Babylon. 

Along the south coast of Asia Minor several deposits of bituminous 
material were known, though as far as we can judge from their small 
size, they cannot have played an important role in ancient technology. 
In Cilicia there seem to have been small oil seepages, about which 
Vitruvius (130) reports: “At Soli, a town of Cilicia, there is a river 
named Liparis, and those who swim or wash in it, are oiled by the 
waters.” Theophrastus (131) mentions “an earth from Cilicia, which 
becomes viscous on boiling” and Dioscorides (132) mentions the 
same “ampelitis” as coming from Seleucia. Similar descriptions are 
given by Oribasius (133), Aetius (134) and Galen (135), and according 
to present day knowledge small deposits of asphaltites occur here. 

Strabo is probably referring to the same deposits when he compares 
ampelitis from the Pierian Seleucia to that of Rhodes (136). 

Lycia is often mentioned as one of the sources of gagates, amongst 
others, by Dioscorides (137), Pliny (138), Solinus (139) and Isidore 
(140), the last two saying that it occurs more frequently in Britain. 
Bailey (141) makes its identification with some black kind of lignite 
very plausible. It figures largely in ancient medical texts and Epipha- 
nios describes various applications (142). Smaller oil seepages seem 
to have existed in Lycia too, they are often mentioned and occur even 
in medieval literature (143). 

Saint Nicolas, the famous bishop of Myra is often, during his lifetime, 
tempted by the Devil, who persuaded his parishioners to smuggle into 
the church an oil “that burned against nature in water and burned 
stones also”; the Saint always succeeded in exposing the “unnatural 
qualities” of this hellish gift. Was this crude oil or “Greek Fire” (144)? 

Bituminous limestones or marls and rock asphalts occur in the 
former state of Armenia but do not seem to have been tapped in 
Antiquity. 

Seepages of crude asphaltic oil near Samosata on the Euphrates 
were, however, well known, for we read in Pliny (145): “There is a 
lake at Samosata, a city of Commagene, which exudes an inflammable 
mud called maltha, it sticks to any solid body which it touches, and 
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its power of adhesion enables it to pursue those who seek to flie from 
it, with this they defended their walls when besieged by Lucullus, and 
set his soldiery on fire, arms and all.” 

The Babylonian Talmud (146) mentions naphtha in Cappadocia, 
but gives no further details. 

We now know, partly thanks to the geological exploration of 
Mesopotamia (Iraq) and Jran in the last few years, that numerous forms 
of deposits of bituminous products occur at the surface ot the earth 
there. These deposits were also known in former times, and it is 
because the earliest inhabitants of Mesopotamia, the Sumerians, were 
keenly interested in the manifestations of nature that records of these 
phenomena have come down to us in the writings of their time. 

The first zone lies between the Tigris and the slope of the Zagros 
Mts. (Map I). Our map shows numerous surface deposits, oil seepages, 
outcrops of bituminous limestones and gas wells. Unfortunately no 
analyses of these materials are known but asphaltic bitumens prepared 
from different Iraq crudes all show a relatively low sulphur content, 
thus furnishing a means of determing (partly) the origin of bitumen 
from ancient applications. This region is now explored and developed 
by the Iraq Petroleum Cy. (Table VI). The second zone is in Persia 
on the other side of the mountain range, the country on both sides 
of the Karun river, around the ancient Susa being the richest in oil. 
These fields are at present exploited by the Iranian Oil Expl. & Prod. Cy, 
from whose crudes asphaltic bitumens are prepared which, amongst 
other characteristics, show a still lower sulphur content. Untortu- 
nately here too no analyses of surface deposits have been published. 

The third zone is the country around Hit and Ramadi on the south 
bank of the Euphrates. 

Every kind of surface deposit, as discussed in the foregoing lines, 
can be found here. It must have been the most important centre in 
Antiquity and even now it is an important factor for local production 
and industry though neglected by the international oil concerns. This 
bitumen has a very high sulphur content. (Table V) (147). 

Although it is precisely in the countries between these three zones 
that bitumens were used for a great variety of purposes, we have only 
very little information from Sumerian, Assyrian or Babylonian texts 
as to the places where they were found. We must depend almost 
entirely on classical records for our research. 

In North Assyria several seepages of bitumen are known in the district 
of Zakho, but no record of their exploitation in ancient times is known. 
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Much more important is the district of Qaijarah and Qu’ala Shar- 
gatt, where to this very day heavy crude oil and bitumen is won from 
a lot of seepages for local use. Andrae (148) surmises that the bitumen 
used in Assyrian buildings, etc. was won in this district and though 
he was not able to prove it, this is very plausible. 

We find an allusion to this district in the following passage from 
Ammian (149) saying: “In Assyria there is asphalt in a lake called 
Sosingite, in the bed of which the Tigris is absorbed, which flows 
on underground to rise to the surface again at a great distance away. 

Naphtha also occurs here; this material greatly ressembles asphalt 
and is very though and sticky. Even if a small bird alights on it, it is 
drawn down, it can no longer fly and it disappears into the depths. 
Once this kind of moisture begins to burn, human intelligence will 
find no other means of quenching it than by earth. 

A big cleft will be seen in these districts from which mortally fatal 
fumes rise up, the heavy odour of which will kill any living creature 
coming within its reach.” 

G. Smith (150) alludes to the lumps of bitumen found in the Tigris 
and in pools in the neighbourhood of Hamman Ali. It is very probable 
that this bitumen was used by the Assyrians, for Prof. Campbell 
Thompson informed me that: “It would appear that there is a word 
A-GAR-GAR-DINGIR-(AN)-iD, dung of the river, parallel to K1-Brr-AN-fD, 
bank of the river = kibrita = sulphur”. Thi 
Assyrian medecine, the name “dung of the river” is an exact de- 
scription of its appearance in seepages or pools. 

This is what Jubair had to report about this region in his days 
(151): “In the morning of that day, the 22nd of Safar 580 (June 4th, 
1184) we passed a village called al-Kayyara, not far east from the 
Tigris river to the right of the road to Mosul. There we saw a black 
depression in the ground which ressembled a cloud. Here God has 
shaped a number of larger and smaller wells which cast forth kar 
(bitumen), Some cast out from time to time bubbles of that material 
as if they were water-pipes. Basins have been constructed there in 
which the material is collected which then looks like black, slippery, 
gleaming, moist clay, which is spread on the soil, which casts forth 
a pleasant (sic!) smell, coagulates strongly and adheres to the fingers 
at the first touch, Around the wells there is a large black pond on 
which something like moss floats which is driven towards the banks 
of the pond where it precipitates as bitumen. We thus saw something 
marvellous which we had heard of but which we believed untrue. 
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Not far from these wells on the banks of the Tigris there is another 
large well which we saw emitting smoke at a distance. 

They told us that here a fire is lighted when the stuff has to be 
transported; the fire dries up the watery moistness and makes the 
material adhesive, after which operation pieces are cut out and 
transported. This material is traded down to Damascus, Acre and 
the entire (of the Mediterranean). God truly creates what he wishes. 
There is no doubt that a certain well, which according to our infor- 
mation is situated between al-Kafa and al-Basra is just like the one we 
described above, that is why we mentioned it.” 

Allalong the Persian frontier in the neighbourhood of Baba Gurgur, 
Kirkuk, Kifri and Khasri Shirin many seepages exist. Even to-day 
the inhabitants of this district collect bitumen from the wells near 
Kifri at the foot of the Naft Dagh. An omen tablet suggesting burning 
wells near Kirkuk, says: “When in ditto a pit opens and rppu BIL 
(= burning bitumen) appears...” (152). 

These phenomena are well illustrated by a recently published 
photograph (153), and similar phenomena are alluded to in Isaiah 
XXXIV, 9, when an example of utter barrenness is suggested. 

Then again many deposits of bituminous limestones occur in this 
region especially near Tuz-Khurmatli. To these, or perhaps to the 
seepages, the Sumerian patesi Gudea (2250 B.C.) is referring when 
he says that he “had the asphalt from the Magda mountains in Elam 
shipped (hence probably down the Adhem) to his city of Lagash” 
(154). 

The fact that so little bitumen was used in Assyria is remarkable, 
yet understandable. If we take the inscriptions left by various Assyrian 
sings we find the following: 

Adad-Nirari built his quay wall in Assur with bitumen in about 
1300 B.C. (155). Upwards of four centuries later Tukulti-Ninurta II 
visited the seepages at Hit. In about 800 B.C. under King Adad 
Nirari III, the governor, Bél-harran-bél-usur, had many imprecations 
inscribed on his monument against any who should damage that work 
or cover it with bitumen. Sennacherib (156) built walls of limestone 
slabs with bitumen and Esarhaddon used brick and mastic for the 
foundations of his temple (157). 

The preference for stone for building purposes in these districts 
and scarcity of suitable sources of bitumen in Assyria may easily 
account for its virtual absence. There is no mention of bitumen in 
the elaborate correspondence of the Assyrian merchants in Asia 
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Minor, in the Hittite empire. Nor, indeed, were any traces of bitumen 
found during the excavations carried out in that area (e.g. by the 
Oriental Institution at Alishar). Contrary to Séguin (158), experts 
inform us that there is no term for bitumen in the Hittite texts. 

We will have occasion to discuss the difficulties of distilling crude 
oil or melting up rockasphalt in a country with the scarcity of fuel 
existing in Mesopotamia as far as we know, even in ancient times, 
We need not, therefore, be surprised to find that in Antiquity the 
greatest importance was attached to the third zone mentioned above, 
the region of Hit and Ramadi. For here seepages and streams yield 
bitumen in a form practically ready for use. The importance of this 
region is reflected in the many passages of classical authors referring 
to the sources of asphalt in Babylon. Vitruvius mentions an “asphalt 
lake” near Babylon (159); and Dioscorides (160), Pliny and Strabo 
refer to it. 

Diodor (161) is very enthousiastic about this industry and says: 
“Whereas many incredible miracles occur in the Babylonian country, 
there is none such as the great quantity of asphalt found there. Indeed, 
there is so much of it that it is not only sufficient for so many and such 
large buildings, but the people who have gathered there collect large 
quantities of it, and although the multitude is without number, the 
yield, as with a rich well, remains inexhaustible.” 

Strabo recounts some very interesting details, which are worth 
while repeating here (162): 

“Babylonia produces also great quantities of asphalt, concerning 
which Eratosthenes states, that the liquid kind, which is called 
naphtha, is found in Susis, but the dry kind, which can be solidified, 
in Babylonia; and there is a fountain of this latter asphalt near the 
Euphrates river; and that when this river is at its food at the time 
of the melting of the snows, the fountain of asphalt is also filled and 
overflows into the river; and that there large clods of asphalt are 
formed which are suitable for buildings constructed of baked bricks, 
other writers say that the liquid kind also is found in Babylonia. Now 
writers state in particular the great usefulness of the dry kind in the 
construction of buildings, but they say also that boats are woven 
with reeds and, when plastered with asphalt, are impervious to water. 

The liquid kind, which they call naphtha, is of a singular nature; 
for if it is brought near fire it catches the fire; and if you smear a 
body with it and bring it near to the fire, the body bursts into flame. 
It is impossible to quench these flames with water (for they burn 
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more violently), unless a great amount is used, though they can be 
smothered and quenched with mud, vinegar, alum, and birdlime. It 
is said that Alexander, for an experiment, poured some naphtha on a 
boy in a bath and brought a lamp near him; and the boy, enveloped 
in flames, would have been burned to death if the bystanders had not, 
by pouring on him a very great quantity of water, prevailed over the 
fire and saved his life. 

Poseidonius says of the springs of naphtha in Babylonia, that some 
send forth white naphtha and others black; and that some of the 
former consist of liquid sulphur (and it is these that attract the flames), 
whereas the others send forth black naphtha, liquid asphalt, which 
is burnt in lamps instead of oil.” 

One is inclined to conclude that Strabo or his informer had a more 
intimate knowledge of the materials for this passage very accurately 
described the distinction between the light-coloured inflammable 
crude oil with much lighter (petrol) fractions and the thick, black, 
pretty harmless asphaltic crude, which by evaporation of a small 
percentage of lighter fractions yields asphaltic bitumen. 

The majority of the bitumen used in ancient Mesopotamia seems, 
however, to have come from the seepages on the south bank of the 
Euphrates. This is clear when one compares the sulphur content of 
the bitumen in the ancient mixes (Table IV) with those of samples 
from Hit and other seepages in the neighbourhood (Table V) and 
with those of asphaltic bitumens from Iraq and Persian crudes (Table 
V1). This bitumen is won from seepages between the rivulets Ku- 
bessah and Mohammedyeh, and originates from underground bitumi- 
nous limestone strata. Several hundreds of these wells are known 
around Hit, Ain Ma’ Moora, Ain el Maraj and Ramadi. About 25 
miles farther south, where the seepages are far from the river and 
from habitation, the bitumen has accumulated, and we have the big 
deposits of Jebba and Abu Gir. This oldest material is very hard and 
contains up to ca. 20°, of mineral matter consisting latgely of wind- 
blown dust. This material must be considered as rather unsuitably 
hard for use in Antiquity. 

The idea that bitumen may have been imported from Palestine or 
Syria (where some surface deposits are also characterised by a high 
sulphur content) may be dismissed as they largely consist of glance 
pitch, a brittle material with a high melting point, which even nowa- 
days is used only for the preparation of varnishes and paints, but is 
quite unsuitable to be worked up for mortars or mastics. 
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Spielman (163) describes these “asphalt-wells” in the following 
way: “At the present time asphalt is collected near Hit as it comes 
to the earth’s surface. Water rises with varying velocity, sometimes 
accompanied with so much gas, that the latter will burn after being 
ignited. In the water are “snakes” of asphalt, which collect together 
and are consolidated by the natives by hand-pressure into lumps, 
which are then thrown aside. After a very short time they become 
flattened owing to subsidence under their own weight. It is possible 
that the material was collected in the same manner in ancient times, 
because similar lumps of asphalt have been found at levels only 
slightly above the Flood Layer at Ur (3000 B.C. ?).” 

I was fortunate enough to receive from Sir Leonard Woolley such 
a sample from Ur, which showed the following analysis: 


a) Bitumen content 41.5%, by weight 
Sulphur content of the bitumen = 9.2°,, 
Diazo reaction (for tar compounds) ... negative 
Vanadium and Nickel in ash ... positive 

b) Remainder (58.5%, by weight) composed 
of 90%, by vol. of vegetable matter (rushes) & 
10°, of mineral matter 


Mineral matter: very fine (3 finer than 0.074 mms.) composed of 
50%, feldspar, 40°, calcite and 10°, biotite, probably windblown 
dust. 

Another similar lump weighing 10 kg had the appearance of being 
composed of inuch smaller pieces extracted from the seepages and it 
seems that they were joined while kneading out the occluded water. 
It was discovered in the “Flood Layer” at Ur where it had remained 
for many ages left over from the building activities in the early days 
of that important town. The bitumen content was found to be 70%, 
and the sulphur of the bitumen 6.8°,,. This natural bitumen from Hit 
contained 30% fine wind-blown desert dust of the normal compo- 
sition of the sands found in the deserts round Mesopotamia together 
with traces of reeds and rushes (164). This largely confirms Spielmann’s 
assertions. 

The lumps of crude asphalt are freed of the occluded water by 
hand-pressure and transported in baskets. To avoid sticking of the 
bitumen to the basket, the lumps of asphalt are rolled in the desert- 
sand or the inner side of the basket is coated with sand. 

The crude asphalt lump therefore always contains some windblown 
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desert sand in its surface layers before it is intentionally mixed with 
sand, etc. to prepare mastics. But we need not depend on analytical 
data only to prove the importance of Hit as a centre of the bitumen- 
industry in ancient Mesopotamia, for the texts yield some valuable 
evidence too. 

Many references are made in the oldest literature to Hit (Akkad. 
Id = Greek Is) and Ramadi (Akkad. Rapiqu(?). Prof. Campbell 
Thompson says: “Iddu, the proper Assyrian word for bitumen, may 
have given (or taken) its name to (from) Hit’, The ancient im- 
portance of Hit also emerges from the fact that cuneiform texts in the 
British Museum allude in more places than one to the rivergod Id, 
which was worshipped in the Babylonian pantheon (165). 

In the times of Sargon the town must have been important enough 
for he came to offer tribute to the fish-god Dagan (the Dagon of the 
Old Testament) in his temple Ekisaga in Hit (2350 B.C.) (166). 

According to Rawlinson (167) we find among the tribute of Meso- 
potamian cities, recorded by Tothmes III in his inscriptions at Karnak, 
“2040 minae (1020 kg) of sifte from the chief of Ist”, to which he 
adds that “sifte’” must mean the same as the Arabian zift = pitch, 
bitumen or incense. 

Unfortunately this translation is due to a misinterpretation and it 
seems to have nothing whatever to do with Hit or with bitumen. 
The passage mentioned by Rawlinson occurs in the Annals of Tothmes 
II in the account of his ninth campaign (168) and refers to the tribute 
of the chief of “isy” (probably Cyprus?), which consists of copper in 
manifold form, e.g. the “sftw” copper perhaps meaning something 
like unrefined or “blister-copper” not yet cast in the form of bars for 
regular trading purposes. 

Natural gases have always played a certain part in history, although 
their importance is sometimes exaggerated in technical treatises. These 
gas-wells were especially important in Iran because of the part played 
by fire in Iranian religion (169). They were particularly awe-inspiring 
because, as the old name, varishnak, implies, they needed no food 
(170). Down to classical times we find traces of the part played in 
religious cults by burning natural gases. They are, for instance, de- 
picted as burning near Apollo’s Shrine (171) on coins of Apollonia, 
neat the present Selenizza (Albania). 

Natural gases were known in Mesopotamia, but had nothing to 
do with religious cults; they are, however, mentioned, in the omen- 
literature, to which we shall revert presently. There is also a passage 
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(172) in the annals of King Tukulti Ninurta II (888—884 B.C.), de- 
scribing gas-wells near Hit as follows: “Opposite Id (Hit), close to 
the sources of bitumen (kupru), I camped at the place where the voice 
of the gods issueth from the Usmeta rocks.” 

These Usmeta or Ussipta rocks are gypsum strata seamed with 
bitumen and sulphur deposits; the gases, mixed with bitumen and 
water, forcing their way through these gypsum strata to funnelshaped 
fissures in the earth’s surface, make a roaring noise, which was taken 
for the voices of the gods in the underworld and, therefore, for an 
oracle (173). Similar deposits from which roaring gas issues are found 
in the surroundings of Kirkuk, where they are accordingly called 
irkuk baba or abu geger, which means “the father of sound”. 

The fame of Hit also reached Herodotus, who says (174): “There 
is another city, called Is, eight days’ journey from Babylon, where a 
little river flows, also named Is, a tributary stream of the river Eu- 
phrates; from the source of this river is rise with the waters many 
gouts of bitumen and from thence the bitumen was brought for the 
wall of Babylon”. 

These were the wells that supplied Babylonia (and Sumer) with the 
ideal mortar for its brick architecture. 

The very frequent use made of bitumen in Neo-Babylonian times 
in the south is all the more striking, but logical. Many inscriptions by 
Nabopolasser, Nebuchadnezzar, Neriglissar and Nabonidus mention 
both iddéi and kupru, (175), in quantities up to 15 tons for the appli- 
cations to be mentioned later on. Up to Persian times (Cambyses) the 
texts cite large quantities of bitumen (176), although by that time its 
use was fast diminishing. As these later texts do not appear to contain 
any particulars of technical interest and are accessible to all who wish 
to study them in the publications cited, we shall not discuss them all 
here. There are, however, a few general statements that are of sufficient 
interest to be mentioned. One letter from the ancient town of Uruk 
(177) states that wine and bitumen will not go up the river in ships at 
the same time. Another letter shows that there is a local shortage of 
bitumen, and somebody writes, not without exaggeration: “Con- 
cerning } Se (23 mg) of bitumen for the fifth time I have written to 
you and you do not send it. Find me } Se and send it!” (178). Another 
letter complains in a similar strain (179). 

When bitumen fell in disuse in the Persian and Hellenistic period, 
the seepages seem to have been exploited for local industries only. 

Then for many centuries we hardly hear anything about them 
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until European travellers explore Mesopotamia again in the 16th 
century and tell us about a revival of the use of bitumen, which does 
not appear to have been recorded by native writers except Jubair. 

One of the first is Cesar Fredericke, who in his voyage to the East 
Indies... (1536) says: “These barks of the Tigris have no pumps in 
them, because of the great abundance of pitch, which they have to 
pitch them withall; which pitch they have in abundance two days 
journey from Babylon. Near unto the river Euphrates, there is a city 
called Heit, nere unto which city there is a great plain full of pitch, 
very marvellous to beholde, and a thing almost incredible that out of 
a hole in the earth, which continuall smoake, this pitch is thrown with 
such a force that being hot it falleth like as it were sprinkled over all 
the plaine in such abundance that the plaine is always full of pitch. The 
Mores and the Arabians of that place say that that hole is the mouth 
of hell and in truth it is a thing very notable to be marked; and by this 
pitch the whole of the people have their benefit to pitch their barks.” 

A similar account is made in The voyage of Mr. Ralph Fitch (1585), 
to which is added: “The men of this country doe pitch their boats 
two or three inches thick on the outside.” A few further details may 
be taken from Mr. John Eldred’s account of his voyage (1583): “3 
miles from the town of Heit there is a valley wherein there are many 
springs throwing out abundantly at great mouths a kind of black 
substance like unto tarre, which serveth to make staunch barkes and 
boats: every one of these springs makes a noise like unto a smiths 
forge in blowing and puffing out of this matter which never ceaseth 
night or day. This vale swalloweth up all the heavy things that come 
upon it.” 

Relatively unimportant as this region may be in modern times, in 
Antiquity great quantities must have been won here. This is proved 
by the numerous contracts dealing with the sale of bitumen or mastic 
found in Mesopotamian excavations. Those found in Tello give 
quantities ranging from 10 qa to 50 talents (9 kg to 1500 kg). Also 
the many applications in architecture testify of a well-developed 
bitumen-industry (180). 

We must now turn to the third z6ne, the region on the banks of 
the Karun river, round about Susa. Herodotus is the first to relate 
that bitumen is obtained from oil wells near Arderica in the land of 
Cissia. This place Arderica was “210 stadia from Susa and the well 
was another 40 stadia away”, hence in the neighbourhood of the 
modern townlet of Qirab. 
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Philostratos (181) gives the same information and adds that in this 
country “the soil is drenched with pitch and is bitter to plant in”. 
Pliny (182) mentions oil wells in Susiana and in one of his other books 
(183) says: “Here flows the river Granis through Susiana, on the 
right bank of which the Deximontani dwell, who manipulate bitumen.” 
This last quotation probably refers to the region around Bushire. 
For here and all along both shores of the Persian Gulf, notably at 
Koweyt, Bunder Abbas and on the island of Bahrein, some seepages 
and rich deposits of bituminous limestones and sandstones are known, 
and oil fields now produce large quantities of crude oil. The impor- 
tance of this region seems to have been overshadowed in the Hellen- 
istic age by Media especially the districts along the coast of the Caspian 
Sea and the river Araxes (around the present Baku), Plutarch mentions 
that Alexander the Great saw burning gas wells near Ecbatana, which 
he describes as “a gulf of fire, which streamed continually as from an 
inexhaustible source.” The existence of seepages are mentioned too 
(184). About the much richer Araxes region there are very few notices. 
Pliny (185) mentions a good kind of pitch coming from Pontus where, 
however, hardly any products of this kind are known. This passage 
therefore probably refers to bitumen from Baku (or from Armenia ?). 

There are certain indications that crude oil and similar products 
were traded and imported in the Imperial age from the chief centres 
of production, Mesopotamia and Parthia. Thus Pliny mentions im- 
ports from Babylonia (186). A good deal must, however, have come 
from Media, as crude oil is referred to, even in Byzantine times, as 
“pir medikon”, ie. Medean or Median fire as two groups of ancient 


writers try to prove. One group derive the word from the famous 
Medea and maintain that the crude oil got this name by its inflamma- 
bility or as Pliny says: “Naphtha is closely related to fire, which leaps 
upon it from any quarter as soon as it beholds it. With it they say 
Medea burned her husband’s mistress, when fire seized upon her 
crown as she approached the altars to sacrifice” (187). Others maintain 
that oil from Media is meant and they are probably right. Crude oil 
called mydiacon (188) was certainly imported from the East in Byzan- 
tium round about 200 A.D. and could easily have been transported to 
that town by the Black Sea. 

Again we hear that in 624 A.D. the emperor Heraclius invades 
Parthia with his army via Baku and in the North-Western oil area 
destroys many temples of fire worshippers bowing down before the 
burning natural gas wells. During the 10th century interest in pe- 
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troleum products reawakened and sources were sought to supplement 
those already well known in Mesopotamia. And so we find Mas’udi 
(950 A.D.) writing about a land rich in wells of burning gas “Nefala- 
land” and relating how white and black naphtha are obtained there. 
A record by Ibn Haugal (189) dating from the same period comments 
on the wealth of “naft” in Northern Persia “from the holy fire of which 
black soot is collected which is used as a dye or for the making of 
black writing ink.” 

It is only in the 13th century that the fame of Baku became known 
to Europe through the writings of Marco Polo (1272 A.D.) (190) who 
says: “To the North of Armenia lies Zorzania near the confines of 
which there is a fountain of oil, which discharges so great a quantity 
as to furnish loading for many camels. It is good for burning, in the 
neighbourhood no other is used in their lamps and people come from 
distant parts to produce it.” 

In North-east Iran Pliny (191) mentions wells of naphtha, viz. 
“among the Astaceni in Parthia” but is probably mistaken and means 
seepages by the river Oxus where in the present Turkoman Republic, 
U.S.S.R. drilling of oil-wells was started some years ago. Plutarch 
relates how these seepages were discovered by Proxenus a Macedo- 
nian, who had the charge of the equipage of Alexander the Great, 
when opening the ground by the river Oxus to pitch his masters’ tent 
(192). The greasy oily liquor “became perfectly clear, when the surface 
was taken off, and neither in taste or smell differed from real (olive) 
oil nor was it inferior to it in smoothness and brightness, though 
there was no olivetree in that country!” 

When Strabo reports that “it is said that people digging near the 
Ochus river found oil” (193), he seems to have misunderstood his 
informant, as he clearly shows in the same passage that he distinguishes 
between the rivers Ochus and Oxus. This source is mentioned many 
years later by Al Mukaddasi who (975 A.D.) states that “naft and gar” 
(bitumen) were discovered in Transoxania; it is then repeatedly 
mentioned and Alqazwini (1275 A.D.) goes so far as to say that this 
region constitutes the principal source of petroleum production for 
Persia, which seems very improbable (194). 


The excavations at Mohenjo Daro, Harappa, and Nal revealed the 
existence of an Indus civilisation which seems to have known and used 
bituminous materials. We are able to prove by analysis of the bitumen 
from Mohenjo Daro (Table IV) that this was not imported from 
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Mesopotamia, but must have been won locally. There are several 
places which suggest themselves; notably, asphalt wells or rock- 
asphalts on the Basti river near Iskardo (Kashmir) and in the Serta 
mountains (Hazara district) or asphaltic crude oil from Khatan, 
Rawalpindi, Mogalkot or Gondawa, Yet even to-day analyses or 
further particulars of this region are very scarce. So it was in Antiquity 
too, True, Vitruvius (195) mentions “an Indian lake which in clear 
weather produces a great amount of oil” and Dioscorides (196) goes 
so far as to call Indian bitumen the best kind, but they tell us nothing 
about where it was found. 

We must now turn to Europe, where a very old important source 
was in Zacynthus (now Zante) on the coast of Albania. Here even 
today a very pure soft bitumen containing much emulsified water 
is found in wells and pools. This place is described by Herodotus 
(197) Dioscorides (198), Vitruvius (199) and Aelian (200). 

In the neighbourhood, but on the mainland, the existence of the 
“pissasphaltos” of Epidamnus (or Dyrrachium) in the land of the 
Apolloniates was known. Dioscorides (201) says: “In the vicinity of 
Epidamnos there is what is called pissasphaltos. It comes down from 
the Ceraunic mountains, is carried along by the force of the current 
and is deposited by the surf upon the banks of the river, where it 
forms into lumps. It smells of pitch mixed with asphalt.” (hence the 
name pix-asphaltos). Strabo (202) gives us similar information: “In 
the country of the Apolloniates is a place called Nymphaeum. It is a 
rock that gives forth fire; beneath it flow springs of hot water and 
asphalt—probably because the clods of asphalt in the carth are burned 
by fire. And near by, on a hill, is a mine of asphalt.” 

This may be considered to refer to the rock asphalt deposits of 
Selenizza which are still exploited to-day. Modern drilling for oil in 
Albania was, however, stopped since trials proved it unprofitable (203). 
Aristotle refers to petroleum as fairly common in the Balkan peninsula 
when he says (184): “Thick dark and tough crude oils flow beside 
natural pitch and asphalt in Macedonia, Thrace and Illyria from the 
hot burning soil (smelling of sulphur and bitumen) and diffuse stink- 
ing, choking and sometimes deadly fumes.” 

He is mistaken; however, in the case of Thrace where modern 
geology has been unable to find any bituminous deposits, though he 
possibly refers to the Thracian “spinos” which Theophrastus (204) 
mentions and describes. 

Next comes Sicily where the exploitation of the rock-asphalt of 
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Ragusa is still a profitable business. This place is not mentioned by 
ancient writers, but they all refer to the river Akragas near Acragan- 
tium (the present-day Agrigento) where seepages yielded a thick 
asphaltic crude oil. 

Daubeny discovered several of these seepages near a hill called 
Macaluba. Dioscorides refers to the Sicilian oil as follows (205): 
“Bitumen is found in its liquid state near Acragantium in Sicily. It 
floats on the surface of the springs and is used in lamps instead of 
(olive) oil. Those who call it Sicilian oil are mistaken, for it is an 
established fact that it is a kind of liquid bitumen.” 

Pliny-(206) makes a very similar remark and so does Aristotle (184) 
who adds “that it often has a distinct odour of cedar resin.” 

It is quite possible that Theophrastus is referring to the rockasphalt 
of Ragusa in the following passage: “The stone which occurs on the 
promontory Erineas (near Syracuse) smells like asphaltos and after 
burning looks like burned clay.” (207). 

Finally, we know from discoveries in the lake dwellings of Switzer- 
land that the Neuchatel (Val de Travers) rockasphalt was exploited 
in that period and used locally (208). No other knowledge has come 
down to us of places where bitumens were found in ancient times. 
When summing up the evidence collected in this chapter we are 
struck by two facts. 

First of all, the most important deposits of bitumens coincide with 
he Fertile Crescent and especially with the eastern part. We may thus 
expect an early use of these materials. Secondly the most important 
leposits were situated over the frontier of the Roman Empire. 

This is probably one of the main reasons of the disuse into which 
they fell in later Antiquity, when tar and pitch produced in Macedonia, 
the Troad (Mt. Ida), Calabria and other wooded districts became 
much more prominent. 


a 


c 


fat 


COLLECTING AND REFINING BITUMEN 


Unfortunately, little is known about the means of collecting and 
refining bitumens employed in ancient times. Its principal consumers 
in Antiquity, viz. Mesopotamia and India, have left no records on 
this subject. Once again, we depend for our information upon a tew 
brief statements made by classical writers. These, however, only tell 
us about the collection of the material and nothing about refining 
methods. It was a very simple matter to collect the crude bitumen 
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from the Dead Sea, for, as Tacitus says (209): “Those who make it 
their business to collect it, draw one end (of the floating bitumen) 
into their boats; the rest of the mass follows without toil or difficulty 
and continues loading the vessel, till the viscous substance is cut in 
two”, and “This extraordinary substance, floating in heaps up and 
down the lake, is driven towards the shore, or easily drawn by the 
hand; and when the vapour that exhales from the land, or the heat 
of the sun, has sufficiently dried and hardened it, it is cut asunder by 
wedges or the stroke of a hatchett.” 

Strabo (210) complements this record as follows: “It floats, because 
of the nature of the water (highly saline). They reach the asphalt on 
rafts and chop it and carry off as much as they each can.” 

The method of winning asphaltic crude oil in Persia, as depicted 
by Herodotus (211) is quite different: “ 
bring up asphalt and salt and oil. This is the manner of their doing 
it:—A windlass is used in the drawing with half a skin made fast to 
it in place of a bucket; therewith he that draws dips into the well, and 
then pours into a tank, whence what is drawn is poured into another 
tank, and goes three ways; the asphalt and the salt forthwith grow 
solid, the oil (petroleum) which the Persians call “rhadinace” is dark 
and evil smelling.” 

So the odour of Persian oil was commented on even in those remote 
times! From the foregoing pa 
original seepage was dug out to form a well, perhaps with timber- 
lined walls, as has been the practice of primitive oil workings all over 
the world. 

The separation of asphalt and salt from the crude mentioned in 
this must mean a separation of asphalt plus dirt in emulsion form 
from the oil and salt water, as no instance is known of asphalt settling 
out from crude oils. 

The collection was more primitive and more difficult in Zante. 
This is also described by Herodotus (212): “I myself saw pitch drawn 
from waters of a pool in Zachynthus. The pools there are many; the 
greatest of them is 70 feet long and broad, and two fathoms deep. 
Into this they drop a pole with a myrtle branch made fast to its end, 
and bring up the pitch on the myrtle, smelling like asphalt, and for 
the rest better than the pitch of Pieria. Then they pour it into a pit, 
that they have dug near the pool; and when much is collected there, 
they fill their vessels from the pit.” 

That is very similar to the way in which they went to work in 


“...To the well, whence men 


ge we may also conclude that the 
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Sicily, where according to Pliny (213): “It also occurs as a rich oily 
liquid in Sicily where it contaminates the waters of a spring at Agri- 
gentium. The local folk collect it by means of bunches of reeds, to 
which it adheres very readily...” 

This primitive method was still used in the early Renaissance in 
Germany, for Agricola (214) reports: “Liquid bitumen sometimes 
floats in large quantities on the surface of wells, brooks and rivers 
and is collected with buckets or pots. Small quantities are collected 


Fig, 2. 
Crude-oil production and refining 
(fom Agricola, De Re Metallica, 1556). 


by means of feathers, linen towels and the like. The bitumen easily 
adheres to these objects.” 

Primitive as the method may be, surprising results are achieved by 
it. Thus it is known that in the eighties more than 200 gallons a day 
were collected by natives near Surabaya (Java) for a small local re- 
finery by the very same means. Even if bitumen was obtained in 
Mesopotamia, Persia or Palestine in as simple a way as mentioned 
above, the crude product must have undergone further treatment, 
because it would not generally have been of the required hardness or 
consistency. This hardening was probably achieved by “drying or 
evaporating” in the air, a process perhaps indicated in Pliny’s remark 
(215) that Judaean or Sidonian bitumen “can be thickened or con- 
densed.” 


It is unknown whether this process was accelerated by gentle 


COLLECTING AND REFINING BITUMEN 47 


heating, which must have been used for the refining of rock asphalt 
or the preparation of mastic, but it is very probable that heat was 
employed in refining. 

One difficulty stood in the way of using lighter asphaltic crude oils, 
viz. the lack of knowledge of the technique of distilling, which is 
necessary to remove the dangerous light fractions. 

By distillation we mean evaporation of the lighter fractions by 
heating, and subsequent condensation of the gases by cooling (air or 
water) outside the distillation vessel. In archaeological literature no 
trace can be found of early distillation apparatus. 

The earliest mention of distillation is often said to be a passage of 
Aristotle’s Meteorologica (II, 3) on the formation of mist and rain and 
the formation of sweet water when the vapour of salt water condenses, 
though distillation is not actually mentioned. Still a form of distillation 
was known to Theophrastus when he described the production of 
wood tar, he did not recognise it as such. 

True, there is mention in Hippocratic records of about 350 B.C. 
of the distillation of liquids in a “calabash” from which the vapours 
were discharged through a pipe sealed with loam but the evaporated 
fraction was not condensed and collected, the original liquid being 
merely partly evaporated to obtain the residue. 

It may be, however, that the first trials in the art of distilling were 
made at about this time. 

Still, Dioscorides, when speaking of “separating the liquid parts of 
the bitumen by distillation”, does not mention the condensing of the 
vapours formed. At that time condensation methods were, however, 
occasionally applied, but naturally very primitive means were used. 
Thus Pliny (216) says that tar oil can be obtained by stretching a hide 
over a cauldron containing boiling pitch and then wringing out the 
condensed liquid. 

Again, when Dioscorides wished to make lamp black, he burnt 
resin or pitch under a receptacle, which was cooled with wet sponges 
(217). 

A generation later, however, i.e. about 100 A.D., we learn from 
the writings of Coptic alchemists, such as Pamnenes, Maria the Jewess 
and Cleopatra, that a distillation method was then known in which 
the vapour was delivered to a receptacle cooled with air or sponges. 
As was the way with many inventions, however, years elapsed before 
methods as these were applied on any practical scale. 

In about the year 300 A.D. Zosimos had more elaborate theories 
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about distillation and the sublimation of various substances in glass 
apparatus sealed with mastic and earthenware stoppers, and his 
methods were apparently adopted by Synesios in the production of 
volatile substances from various plants and “soils”. After Synesios, 
however, we hear nothing more about this technique of distilling 
until round about 1000 A.D., at which period it is quite certain, that 
distillation methods were in use on a larger scale and were certainly 
being applied to petroleum, Not only had “Greek Fire” been in use since 
700 A.D. and for which, besides crude petroleum, its light fractions 
are often specially mentioned as an ingredient, but frequent allusions 
to these light fractions prove that distillation became more common. 

Though Ali Ben Abbas still uses Pliny’s method of condensing 
in a hide (950 A.D.), his contemporary Abu Mansur discusses the 
distillation of water, calling the distilled water “araq” i.e. sweat. 

But two centuries later many references are made to the distillation 
of bituminous materials. 

Alnabarawi (1200 A.D.) describes the distillation (taqtir) of tar, 
while his contemporary al-Kazwini (218) knows two kinds of nafta 
viz., white and black, the latter, becoming white by distillation with 
“helmet” (column) and “alembic” (hood). Similar remarks occur in 
the writings of Ibn al-Beitar and Ibn-al-’ Awwan. Very full details are 
given by Dimashqi who tells us that the art of distilling oil is a well 
developed industry in Damascus and surroundings. 

We need not go into details on this industry but may be allowed 
to close our survey by stating that distillation did not become known 
in the West until about 1250. Thenceforward a number of improve- 
ments follow in quick succession. In about 1300 the retort was intto- 
duced from the East and at approximately the same time Alderotti 
Florentinus mentions the tubular cooler, though still without con- 
tinuous water-cooling. Even in about 1400 Michael Savonarola only 
knows of cooling the alembic with wet cloths. 

The survey of this development, together with the lack of exca- 
vated apparatus convince us that distillation was not applied to crude 
oils in Antiquity (219). 

I have mentioned a more primitive way of removing the lighter 
fractions of the crude oil by “drying or evaporating” in the air. 
Though no records of this method exist from Antiquity, we meet it 
in later times in those districts where petroleum was worked for local 
use only and not for export. Thus in about 1550 A.D. it was used in 
Germany, for Agricola says (220): “The liquid bitumen is collected 
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in big copper or iron vessels and the lighter fractions evaporated by 
heating” and also (221): “The Germans of eastern Hungary and the 
Saxons usually prepare bitumen by heating the crude oil in copper 
or iron vessels. During this operation the crude oil was often ignited 
and the fire could be extinguished with wet cloths.” 

Sometimes the reverse operation, viz. softening the bitumen with 
thin oils, or as we call it at present “fluxing” or “cutting back” seems 
to have been practised too. Pliny tells us that “the test applied to 


Smelting bitumen from bituminous rocks. 
”Destillatio per descensorium" 
(from Agricola, De Re Metallica, 1556). 


ampelitis is that when it is mixed with oil, it should liquify like 
wax...” (222). 

Olive oil seems to have been used for this purpose for Strabo 
states (223) that: “ampelitis was also discovered in Rhodes but it 
required more olive oil (than the Pierian).” 

Another method of preparing bitumen remains to be discussed, 
viz. the working up of rock asphalt and similar natural products. 
Sometimes these rock asphalts contain so much bitumen that they 
can be used as such. This was certainly done in Antiquity for the 
Morgan found in Susa vases of asphalt which contained about 75°, 
of filler (or fine mineral matter), wholly similar to the rock asphalts 
found in present-day Iran. These fillers are too fine for artificial in- 
corporation therefore a natural product must have been used. 

Now we have described many deposits of rock asphalt but as a 
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general rule they contain less than 20°, of bitumen, the average rock 
asphalt about 5—12%,. Bitumen can be made from rock asphalt by 
selecting the darker parts of the deposits (richer in bitumen) and 
melting them down, or if this is impossible on account of the low 
bitumen content, liquifying (fluxing) them by the addition of a quanti- 
ty of pure bitumen. 

In both cases a portion of the mineral matter, viz. the coarser 
particles and other adulterations, will settle out from the molten mass, 
while the finer mineral matter (the so called “filler”) is kept in sus- 
pension. 

The presence of this filler is very characteristic for bitumen ob- 
tained from rock asphalt for it is only possible to incorporate them 
artificially with the aid of modern machinery. If we therefore find 
such fillers (which are much finer than cement particles) in ancient 
bitumen samples, we may be sure that the bitumen used was a purified 
rock asphalt or the like. 

This simple method described above is the principle underlying 
modern refining methods at Trinidad, Neuchatel, etc. The refined 
rock asphalt or “épuré” which is marketed still contains an appreci- 
able amount of filler (in the case of Trinidad 45%) and lacks the 
brilliant black lustre of asphaltic bitumen from crude oils. A variant 
of this method, more suitable for rock asphalts with a low bitumen 
content must have been known in Antiquity too, for it is referred to 
by Aetius (540 A.D.) as a matter of common knowledge. This is the 
method called “destillatio per descensorium” in the Middle Ages. 
This process was carried out in two super-imposed jars separated by 
a screen. A fire was placed around the top jar filled with the material 
under treatment, and the bitumen that was formed dripped through 
the screen into the bottom jar embedded in the soil. The distillate (lit. 
“drippings”) thus prepared proceeded from the combined action of 
distillation, smelting and cracking (destructive distillation by over- 
heating) of the bitumen in the rock asphalt, it was of inferior quality 
when compared with the bitumen prepared by the more careful 
method described above. 

Ma’sudi (950 A.D.) uses it to prepare “oleum de gagatis”, “gagates” 
meaning rock asphalt in this case. Many centuries later it was known 
to Agricola (220) who says: “Rocks which contain bitumen are 
treated in the same way as those which contain sulphur, by heating 
them in vessels with a sieve bottom. This, however, is no. the common 
practice because the bitumen prepared in this way is not very valuable.” 
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It was applied in Seefeld (Tyrol) for the production of ichtyol 
(DirschGl) from a kind of bituminous shale between the years 1576 
and 1840. ’ 

Though no text in ancient literature can be connected with the 
refining of rock asphalt with certainty, it may be that Pliny is referring 
to the production of épuré, when he says: “The best part is that which 
floats on the surface when it (the pissasphaltos) boils.” (224). 

These methods of preparing bitumen from rock asphalt were much 
more expensive than those from seepages or from asphaltic crude oil 
especially in a country poor in fuel. In as timberless a region as Meso- 
potamia it must have been uncommon for bitumen to be produced in 
this way; analyses show that ancient samples lack the characteristic 
fine mineral matter of rock asphalt or refined products derived from 
them (Table IV). A mastic from Mohenjo Daro (Indus valley) is 
probably the only sample that was a refined rock asphalt. 

Wood tar and wood-tar pitch were never able to compete with 
bitumen of which there was plenty in the East. Another hindrance 
to the increasing use of pitch was the ever diminishing stock of wood. 
The shrinking forests of these regions could not be wasted for this 
use. Pitch, therefore, could only become a serious competitor in 
regions with a practically unlimited supply of wood, such as some 
districts of Asia Minor and the Balkan Peninsula. Thus in the days 
of Hellenism Macedonia and Mt. Ida in the Troad competed on the 
pitch market of Delos. Glotz (225) shows in an interesting article how 
intimately the prices for pitch in Delian contracts are connected with 
the political situation in Macedonia, where the export of pitch seems 
to have been a government monopoly. At the same time we see that 
the high price, which may have been artificially raised by the monopo- 
ly, must have prohibited as general a use as that of bitumen in Meso- 


potamia. 
In Caesar’s time the production of pitch and tar was already a well 


established industry; quite elaborate descriptions of it have come 
down to us from Theophrastus (226) and Pliny (227). 

The “boiling of pitch” consisted in stacking a large pile of wood 
blocks, covering it with a layer of earth or sod and then setting light 
to the wood. The tar produced by this form of “dry distillation” was 
drawn off through a drain leading from under the stack. According 
to Pliny this drain had to be sixteen ells long. Pliny further says that 
a better method is to dry-distil the wood in kilns (“furni’” or “alvei’) 
(228). It was, moreover, already known, that certain trees such as 
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pines, spruces, cypresses and the terebinth were especially rich in tar 
(229). 

In Italy the Bruttii became specially renowned (230) for their pitch, 
for their country Calabria had large woods of pine and spruce. 
Other pitch producing countries were Turdetania (231), the Alps 
(232), especially rich in tar (233). 

The technique there employed in the production of tar gradually 
spread northwards and the wood tars of later fame, those of the Black 
Forest, Sweden and Norway undoubtedly owe their existence to the 
art of the Bruttii and Macedonians passed on to the more northern 
regions as the stock of suitable wood in the south decreased (234). 

We are also told about the uses to which tar and pitch were put 
in the classical period. To mention only a few: waterproofing pottery 
(235), caulking ships (236), as a paint for roofs and walls (237), for the 
production of lamp black a base material for paints or ink (238). 

Then, torches were made of it by soaking branches or oakum in 
pitch instead of using the more primitive bundles of pine chips (239). 
Finally pitch was used for modelling or as a core of hollow statues 
(240). 

What interests us more, however, is the development and history 
of the use of bituminous mastic; but, unfortunately, little positive 
knowledge is available. In most ancient periods the mortar was 
undoubtedly often a mixture of loam and chopped straw or reeds, 
bitumen, and filler and fibrous materials (Table IV) in a composition 
remaining unchanged for centuries, with only slight variations for 
certain applications of different natures, such as mortar (35%) and 
asphalt mastic (25°, of bitumen). This mastic appears so early in 
Tello, Ur and Uruk that Watelin said: “The use of bitumen is charac- 
teristic of Antiquity” (241). This mastic was, moreover, used in Tello 
as sealing-wax, and statues were cut out of it (242). Curiously enough, 
the mastic from Susa in Persia, which Berthelot analysed, has the 
same bitumen content (28°/,) (243). The bituminous mortar or mastic 
then remains practically unchanged until the later Neo-Babylonian 
age when, particularly under King Nabonidus, almost pure bitumen 
was used for mortar (244). In Persian times the use of bitumen in all 
its forms fell completely into the background except for caulking 
ships. This has been proved again by Mercier, who published an 
excellent analysis of the mortar of the palace at Ctesiphon (245), a 
mortar often, but erroneously, said to contain bitumen. A short time 
ago Thureau-Dangin published the translation of an interesting clay 
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tablet (246) on the use of mastic, in which is calculated the amount 
of bitumen required for the bituminous mastic coating of a floor of 
a certain area, ; 

Finally, King Hammurabi’s code of law (ca. 1780 B.C.) gives an 
interesting comparison between the cost of coating with bituminous 
mastic and that of other work. Par. 228 of that code states that a house 
may cost 2 shekels of silver per Sar (i.e. 35.3 sq.m) base, a sum equal 
to what may be charged, according to Par. 234, for caulking with 
mastic a boat of 7} cub. m. capacity. 

How great these quantities were is not known but contracts from 
Tello show that parcels from 600—1500 kg are commonly sold. 

Some prices recorded by de Genouillac show that the mastic, 
prepared as we shall see by mixing the pure bitumen with mineral 
and vegetable matter, was about twice as expensive as the pure 
bitumen, probably because of the cost of the fuel employed for the 
mixing and melting. This is quite different nowadays when one pays 
about £ 15.— per ton for asphaltic bitumen and about £ 7/10/— per 
ton for mastic, because of the cheap filler added, mixing costs amount- 
ing to a small fraction of the price only. This is also proved by the 
facts that the minority of the contracts found at Tello are for mastic 
and small quantities only, the larger part calling for the pure bitumen. 
Thus the practice seems to have been to prepare the mastic on the 
spot and save the fuel for remelting it. 

That the production of seepages was fairly great is also shown by 
the high rent of the Dead Sea bitumen fishery already mentioned. 
Still bitumen prices in Mesopotamia were not very high; if index 
figures may be trusted, the price of pure bitumen in the time of Gimil- 
Sin (c. 2000 B.C.) would amount to something like £/ 19/10/— per ton, 
an amount surprisingly like its modern equivalent. 

It would be very interesting to compare prices from other periods 
with those mentioned here if they can still be found in unpublished 
cuneiform material or in publications which the author has over- 


looked. 

Though we know nothing about the amount of bitumen or oil 
produced per year we may infer from later reports that these quanti- 
ties may have amounted to several hundreds of tons. From Arabian 
annals we know that 10.000 of oil pitchers and the same number of 
nafta were lost ina fire in the residency at Cairo (1077 A.D.), a quantity 
of about 100 tons of oil at a conservative estimate. Now Arabian 
methods of collecting were not much better at that time than those 
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of the ancient Mesopotamians and the widespread use of bitumen in 
ancient architecture may go to prove that the amounts collected were 
certainly fairly large. 

As was almost inevitable, the origins of bitumen have been debated 
since ancient times. We discussed the modern point of view in an 
earlier chapter and with this in mind we might be tempted to read a 
statement of the animal origin of petroleum into the saying of Philo- 
stratus that a worm appears in the river Hyphasis in India “which 
when melted down yielded a fat or oil” with a strong tendency to 
catch fire inextinguishable by water (247). But we are mistaken for 
the generally current opinion in Antiquity was that bitumens were 
formed from earth under the influence of fire. Strabo propounds this 
theory (248): “Asphalt is a clod of earth, which at first is liquified by 
heat and is blown to the surface (of the Dead Sea) and spreads out; 
then again by reason of the cold water, the kind of water the lake in 
question has, it changes to a firm, solidified substance and, therefore, 
requires cutting and chopping. It is reasonable, that this behaviour 
should occur in the middle of the lake, because the source of the fire 
and also the greater part of the asphalt is at the middle of it; but the 
bubbling up is irregular because the movement of the fire, like that 
of many other subterranean blasts, follows no order known to us. 
Such, also, are the phenomena at Apollonia in Epeirotis”. 

Strabo seems to have adopted the theory of Poseidonius, for he 
also says (249): “*...Since as Poseidonius says, the earth that is thrown 
in the trenches (at Apollonia) changes to asphalt...” 

Probably Pliny has the same opinion when he compares the solid 
and liquid bitumen with “earth” and “mud” (250). This theory is 
teiterated by Isidore (251), who states that bitumen is of a fiery nature; 
though he has only rather vague ideas about these materials generally. 
On the whole, of course, the bitumens were judged according to their 
physical and visible characteristics. We have seen some examples in 
Sumerian nomenclature, but some more details can be found in 
classical literature. 

This is Pliny’s opinion on the qualities which a bitumen should 
possess (252): “The excellence of bitumen is estimated by the height 
of its lustre, its density, and its heavy odour. When quite black it has 
little lustre, being adulterated with vegetable pitch. Its general proper- 
ties ressemble those of sulphur...” 

He, therefore, disapproves of the addition of pitch and looks upon 
itas a disadvantage, on which point Dioscorides agrees with him (253) 
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for he says: “Indian bitumen is valued more than any other; it is 
considered so excellent because it glistens like unto purple, is heavy 
and emits a strong odour. The dark and dirty kind, on the other hand, 
is full of defects; it is mixed with pitch and comes from Phoenicia, 
Babylon, Zacynthus and Sidon.” 

There were several other properties of bitumen which had also 
been noticed in former times, such as the ductility. For Pliny assures us 
(254): “The bitumen, which is elastic and ’lazy’, cannot be torn to 
pieces. It sticks to everything with which it comes into contact. It is 
then just as if a thread, bedded in the sticky asphalt, were stretched 
between that object and the bitumen.” 
bituminous materials or their 
(255). 

Tacitus tells us something similar and goes on to say that older 
historians declare that bitumen cannot be cut with iron or bronze, 
but only with a cloth soaked in blood. He knows, however, from his 


The adhesive properties of 
“stickiness” is mentioned in the Bible 


own experience that bitumen can 
only be allowed to dry and hard 
ardening may be accelerated by 


very easily be cut into pieces if it 
len (256). According to him, this 
sprinkling in with vinegar “which 


provides the parts with the desired cohesion.” 

Pliny records the same hardening in the case of pitch (257) while 
Strabo handed down to us (258) an analogous observation made by 
Poseidonius, who obtains the hardening by using urine. 

The statement that these substances harden bitumen and thereby 
make it brittle is incorrect. But the observation is justified as these 
substances, containing organic acids, will moisten the metal of hatchet 
or knife, and thus prevent the bitumen from adhering to it and facili- 
tating the hacking up of a lump of bitumen. 

The mumiya, or so called “bitumen”, scraped from mummy linen 
or taken from the interior of mummies was of course nearly always 
a mixture of bitumen with other preservatives, etc. 

This mumiya trade arose in post-classical times, but we must refer 
readers to the publications of Budge, etc. (259) for further details. 

I will have occasion to prove that bitumen was only used in one 
period of Egyptian history for mummification purposes and that it 


is therefore wrong generally to regard the mumiya as bituminous 
material. Though wrong ideas on this subject are very common, 
modern analysis of these materials has given us sure proof of their 
heterogeneous nature. 


AND PETROLEUM IN ANTIQUITY 


APPLICATIONS OF BITUMEN 
1. Ancient mastics: their composition and preparation 


Before we proceed to review the most important uses of bitumen 
in ancient times we must answer the question: In which form was the 
bitumen applied? 

The majority of the uses of bitumen requires a product which, 
while plastic, should not flow in the heat of the sun and in the majority 
of the cases pure bitumen was therefore excluded from use or else it 
would give a result which would be only partly satisfactory. Though 
pute bitumen was an easy material to handle, melt, etc. it was neces- 
sary to “stiffen” it by incorporation of fillers, fibrous materials or the 
like, in short as we call it, to make a mastic. 

When a rock asphalt is refined, a product is obtained which has 
already some properties of a good mastic. The very fine mineral 
matter remaining in the épuré acts as a stiffening agent, giving it 
sufficient body to allow of its being plastered or trowelled. Such épuré 
was used in the Great Bath at Mohenjo Daro (260). 

As I have already pointed out, however, that the pure asphalt of 
Mesopotamia was for several reasons the most important source for 
the bitumen supply and this very pure asphalt had to be mixed with 
sand, gravel, filler, etc. to obtain a good mastic. 

I must needs limit my discussion on the materials used in ancient 
mastics, for Table IV shows all the modern analyses available of the 
mastics themselves. 

It will be seen that nothing is known about the composition of 
bituminous mixes outside of Mesopotamia in ancient times. We must 
therefore limit discussion to this region and first of all try to find out, 
what kind of mineral matter was used. 

The identification of mineral matter in old mastics is undoubtedly the 
most difficult part of research work of this kind. Meanwhile for one 
region, the number of possibilities can be limited to a large extent by 
a process of elimination, even if the minerals can not always be 
established with certainty. 

In the first place it is evident from Table IV that no coarse materials 
such as gravel have ever been used in any of the samples analysed, 
which again must be a result of the scarcity of such materials in alluvial 
Mesopotamia. The Babylonian mortar (sample L) was the only one in 
which Dr. Herrmann found coarser material, namely fragments of 
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baked bricks (5—15 mm large), bedded in a mortar of the recorded 
composition. There are also chips of brick in the samples A and K 
from Tell Asmar, but they are never larger than about 3 mm. 


DESCRIPTION OF THE SAMPLES MENTIONED IN TABLE IV?) 


A, Mortar of brickwork found at Tell Asmar, dating from the Jemdet- 
Nasr period (2800—2600 B.C.). 

B. Piece of mastic taken from the floor of a bathroom in a temple at 
Tell Asmar (Proto-Dynastic period, 2600—2500 B.C.). 

C. Mortar of brickwork Tell Asmar (Early Dynastic, 2400 B.C.). 

D. Mastic used as insulating layer on kiln in Tell Asmar (Early Dynastic, 
2400 B.C.), 

KK. Mastic of floor in bathroom of a private house. Tell Asmar (Akka- 
dian period, 2350—2150 B.C.). 

F, Jointing and mastic of a floor, Tell Asmar (period Third Dynasty 
of Ur, 2050—1950 B.C.). 

G. Mortar from brickwork, Tell Asmar (Larsa period, contemporane- 
ous with the first King of the First Dynasty of Babylon, 2000 B.C.). 

H. Mastic layer of threshold, Tell Asmar (Beginning of Isin-Larsa 
period, one or two generations after Third Dynasty of Ur, Nur-akhum, 
1900 BiC.)i 

KK, Mastic layer found on steps, Tell Asmar (Larsa period, Ibiq-Adad I, 
1800 B.C.). 

L. Mortar taken from Neo-Babylonian floor of one of the inner courts 
of Nebuchadnezzar’s palace in Babylon. (Not further described; derived 
from excayations made by the Deutsche Orient Gesellschaft there, handed 
to Dr. Temme for examination by Dr. Wetzel, analysed by Dr. P. Hermann) 
(605—561 B.C). 

M. Mortar in water-coursing layer in wall of the Great bath at 
Mohenjo Daro (indus Valley), taken in 1933 (2500—2200 B.C.). 

Details on the method followed in analysing the samples are given in a 
previous publication (261). 


These old samples are, therefore, built up of practically the same 
materials as the bituminous mastics of to-day, that is, besides bitumen, 
of a sand and a fine filler. 

However, the discontinuous grading of the mineral matter (Table 
IV) is not caused by the use of two materials of which one represents 
the “sand” and the other the “filler”. For the chemical analysis of 
these supposed components are so similar, that we must conclude that 
the discontinuous grading was, at least partly, caused by the method 
of crushing. A striking factor in all the samples is the large percentage 


1) The above letters will be used in subsequent pages to represent the 
samples against which they stand. 
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of lime (CaO) besides the quartz (SiO,) content. This considerably 
limits the number of possible mineral compounds, namely to: 1) loam; 
2) limestone or matl, eventually chalk; 3) lime; 4) pulverised brick. 


1) Generally speaking loam or clay cannot be identified chemically, 
and it is even difficult to classify soils owing to the prevailing con- 
fusion as regards the definition and nomenclature of loam, clay, loess, 
etc. In our case, however, chemical identification is possible, for Sir 
W. Willocks (262) explicitely states that “the characteristic soil of 
Mesopotamia is a light calcareous loam, unusually rich in lime”. Their 
typical feature is an amount of about 12%, (wt) of lime and about 
48°), (wt) of insoluble matter and quartz; indeed a proportion of lime 
to quartz, which will not be found in any other soil in the world. 

Another inference from this high lime content is the unlikelyhood 
of all the loam in Mesopotamia being a fluvial deposit although some, 
indeed, have referred to important stretches of loess in that country 
(263). Loess is a windblown product—an aeolian deposit—its granular 
size being very characteristic, namely the main part, 50—60%, comes 
between 0.074 and 0.010 mm and containing little or no material 
between 0.010 and 0 mm, which is a very typical granular size for 
common clays. 

It may therefore be regarded as a significant fact that in all the 
samples examined the typical clay gradings form a very small pro- 
portion. 

In view of the above mentioned unusual lime/quartz proportion 
of Mesopotamian soils, it may be safely concluded that in the samples 
A, C, G and H loam has been added to the bitumen. 

Moreover, it is obvious that loam would be put to this use in these 
regions for, not only was it the raw material for dried and baked 
bricks, but it was also used as mortar in the brickwork of the earliest 
periods, whilst it served as plaster on thatch or brick-work. 

Now the strength of loam mortar after drying for three weeks is 
about 5 kg per square centimeter, which is sufficient for low buildings, 
but it can be greatly strengthened by the judicions addition of sand, 
straw or chopped straw, as it then has less tendency to crack, when 
dried out. 

I consider it highly probable that there was an evolutionary process 
in which the loam mortar became gradually replaced by a bituminous 
mortar which contained loam, but to which other additions were 
made, which had proved to be useful in the case of loam mortar. 
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These additions served their purpose when applied to bituminous 
mortars although it was for different reasons of which the Sumerians 
may only have had only a vague idea. 


2) This reasoning leads me to the consideration of the possibility 
of limestone, marl or chalk as a mineral compound used in mastics. 
As will be shown, I have reasons to suppose from own analysis that 
these materials were used for this purpose either pulverized or in the 
form of quarry dust. Then of course limestone and marl were very 
ordinary building materials where quarry stones were used and are 
to be found in many varieties in the areas bordering on Mesopotamia, 
whence they were imported of old. 


3) The possible use of lime must also be discussed. The secret of 
preparing lime was known in early times, but the use of lime as 
mortar seems scarcely to have become popular until the Babylonian 
period (264), at that time it was in more frequent use and it is in that 
period that we hear of bitumen-lime mixtures as mortar. Banks, 
however, records it in Bismaya (265) and Campbell Thompson states 
that it is used more frequently in Assyria as mortar (266), then of 
course it is very often used in stucco (267). An exception to this was 
ria where sand-lime mortars were alwa 
baked bricks (268) though bitumen is often used in thew: aterproofing 
of bathrooms, drains and the lower two feet of walls. 

If present-day custom may be considered to reflect a still living 
tradition, the following observation made by Parkhurst (269) is 
interesting: “/\s employed in repairing Baghdad roads, the almost 
pure bitumen or seyali is mixed hot with lime and mineral aggregate 
until it resembles a mastic after which it is poured on the road surface 
and worked into place with a small hand roller.” 

This use was confirmed to me by Mr. F. L. Bassett (Chief Chemist 
to the Government of Iraq, Baghdad), who added that “sand” (viz. 
the impure calcareous desert-sand) is generally used besides lime. It 
is not impossible, therefore, that lime was also used in ancient times 
as a filler but it is difficult to identify chemically, because it was in 
course of time, without doubt partly, if not wholly, converted to 
carbonate so that-it chemically no longer differs from limestone. As 
for the older Tell Asmar samples microscopical examination and the 
chemical analysis (exactly corresponding lime and CO, amounts) 
would point to the use of limestone and the like, which as we know, 
were formerly also used in loam plasters as thinners. 


popular even with 
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It would seem then that the use of lime in bituminous mixes be- 
came more common in the Neo-Babylonian period; but this hypothe- 
sis ought to be confirmed by the examination of fresh samples. 

4) A priori the use of pulverised bricks might also be assumed if 
analogies may be drawn from prevailing custom in these countries. 

Helfritz (270) says that moist loam is kneaded with marl, fragments 
of bricks and fine straw to make new tiles or mortar even at the present 
times. Now we have tried to prove this in the Tell Asmar samples by 
using Goldschmidt’s method, as described in various publications 
(271), which is briefly as follows. 

He makes thin sections of the mineral matter after heating the 
sample (500—600° C) and claims that by this method and micro- 
scopial observation an opinion may be formed of the nature of the 
clay or loam used and also of its preliminary handling (kneading 
totally obscuring the original orientation of the clay minerals). 

Our Tell Asmar minerals treated according to this method showed 
a totally different picture from a section of an Akkadian brick. Thus 
my opinion is confirmed that no pulverised brick was used in these 
mastics as Dr. Herrmann supposed, so that the minerals used are 
limited to loam, limestone or marl and perhaps lime (Table IV). 

Many of the ancient mastics have been shown to contain vegetable 
matter and it is well known that straw and similar material is frequently 
used in Mesopotamia too in strengthening loam mortar as according 
to Helfritz (270) the mortar is often prepared to this day from frag- 
ments of sun-dried brick and gypsum (or a mixture of chalk and ash) 
and strengthened by the incorporation of reed matting. The similarity 
to our mastics is certainly striking and it again leads me to suppose 
that the mastic was evolved from the loam mortar and that it profited 
by the experience gained by the Sumerian builders with the latter. 

Of course, reed mats, “burd’”, had in the past been used as a ma- 
terial for walls when they were coated with loam or bitumen. Later 
on these mats were used in masonry as a reinforcement, sometimes 
as loose layers of reed or rushes placed diagonally. Ropes made of 
rushes used as staying and stiffening material in brickwork have 
remained preserved even without the protection of bitumen, as 
Jordan discovered in the course of his Erech excavations. 

Meanwhile, choppings of reed or straw in combination with loam 
had also come into use, an application borne out by later writings in 


which the use of this loam with straw is recorded for the making of 
bricks (272). 
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The reason why did the Sumerians resort to the addition of fibrous 
material to their bituminous mastics was that they could obtain 
similar advantages to those accruing from the addition of fibrous 


‘Two photographs of remains of reeds, distinct vascular bundles 


(from samples E 
Fig. 4. 


Vegetable remains from ancient mastics. 


material to loam mortars with this cheap material. They were able 
to impart sufficient rigidity to the mastic and saving them from the 
consequences of using a compound with a large excess of bitumen, 
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and therefore easily softened by the sun or damaged by heavy loads, 
for these ancient mastics all show a great excess of bitumen. 

When mixing mineral matter with bitumen, the latter upto a certain 
percentage acts as a glue in holding the grains together and forming 
a solid mass. If one raises the bitumen content the grains no longer 
adsorb the bitumen and this excess acts as a lubricant, causing sweating 
through heat or flowing under pressure, even at room temperature, 
if the excess were great. Now this can easily be prevented by the 
incorporation of a small percentage of fibrous materials and this was 
probably the underlying intention in olden times, for the slight dis- 
advantage of a little less fluidity in the heat is more than compensated 
by greater stability after cooling to room temperature. 

Modern asphalt technique avails itself again of these properties of 
fibrous fillers. 

Judging by the Assyrian texts translated by Campbell Thompson 
(273) the following kinds of reed, rush or cereal growing in Meso- 
potamia might have been used as base material for the fibrous material in 
the form of choppings: 


«. Cyperus kinds: 
Cyperus papyrus L. = papyrus reed 
(Sum Gat = Akkad. Urbatu) 
Cyperus longus L, = “Pfahlrohr” (= elpitu?) 
Cyperus rotundus L. 
(the type mentioned by Pliny Nat. Hist. X XI, 69) 


p. Arundo donax L. = so-called sweetrush 
(Sum. Gi-su = Akkad. Mallilu) 
y. Straw, which was excellent material, particularly if we 
remember that, in Assyrian times at least, the stalks 
were cut very short in reaping and the straw was 
then harvested separately (Assurn. Ann, III, 82), 


The best known ceteals were: 
Paniceum miliaceum L = millet = 
(Sum. Se-sutuG = Akkad. duhnu) 
Hordaneum vulgare L = barley 
(Sum. Se-sar = Akkad. uttata) 
Triticum dicoccum Schitb = emmer) 
(= Sum. ziz-a-an = Akkad. bututtu) 
Triticum Monococcum = einkorn. 
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The method of separating the vegetable matter from the rest of 
the mastic was described elsewhere (274). Remains of rushes and 
reeds were found in nearly all samples, while petrified straw remains 
were occasionally present. In one sample from Tell Asmar chips of 
willow twigs were discovered, though no contemporary literature 
has come down to us mentioning their use. 

So far as the little data at our disposal permit us to judge, it would 
seem that the use of fibrous materials in these mastics was abandoned 
in the Neo-Babylonian period. This rather careless compounding of 
mastics necessitated a different form of joint construction to that 
formerly used in order to prevent the mastic from flushing up and 
creeping out over the face of wall or over road surfaces. 

Before I discuss the application of these mastics we must try to 
discover their method of preparation. I have already pointed out that 
the chief raw material for these mastics was the very pure “seyali” 
from the seepages near Hit, which when mixed with sand and lime, 
is called “ghir” by the natives. 

As Table V will show, this bitumen has a considerable water 
content and on being heated resembles an unstable bituminous 
emulsion (a suspension of small particles of water in bitumen). The 
advantages of these minute suspended waterparticles became apparent, 
when an attempt was made to reproduce these mastics by taking 
proportions and materials similar to those found by analysis of the 
samples. The bitumen from Ain el Maraj (melting point about 64° C) 
was found to mix very well and easily with the mineral aggregate 
(limestone, lime or loam) in the different proportions found. If these 
mixtures are heated longer than an hour, all the water evaporates and 
the material becomes more difficult to work, although at 120°C to 
160° C, after a quantity of fibrous material has been added (chopped 
straw), all the mixtures are in the correct thickly fluid, trowellable 
condition and it can be worked to a sufficiently compact mass by 
trowelling and rolling or tamping. As I have already pointed out 
from a scientific point of view nearly all these ancient mastics contain 
an excess of bitumen. 

To make a mixture of bitumen and mineral aggregate poutable at 
high temperatures a certain minimum quantity of bitumen has in- 
variably to be used; for modern mastic this is 12 to 16%, as result 
the mastic has to be manipulated at 180 to 200° C. In the case of ancient 
mastics this minimum quantity is usually far exceeded. By this means 
the mastics are less viscous in the heat or, to put it differently, are 
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pourable at much lower temperature. This is undoubtedly of practi- 
cable importance in a country as poor in fuel as Mesopotamia and 
after experience had established this fact an excess of bitumen was 
probably general practice. The fibrous material was subsequently 
added with the deliberate intention of obtaining the results discussed 
above. A proof of this is that we begin to see an increase in the per- 
centage of vegetable matter side by side with an increase of the 
bitumen (or more correctly an excess) or an increase in the percentage 
of coarse particles of the mineral aggregate. The percentage in question 
need not necessarily have been deliberately calculated, but adjustment 
of the consistency of the heated mass to a satisfactory consistency for 
pouring and trowelling, etc. would in itself roughly lead to it. Here 
again a much later text may help to illustrate the method of manu- 
facturing mastic. We refer to a passage from al-Kazwini (194) which 
runs thus: “There are two kinds of alkir (native asphalt), first the kind 
that oozes from the mountains and then the other kind that escapes 
with water from certain pools, it boils together with the water of the 
spring and as long as it remains in the water it is soft. If we separate 
it from the water it cools and dries. It is extracted by means of mats 
and thrown on the shore. Then it is put into a kettle which is heated, 
the adhering sand is dissolved (mixed) and more sand is added and 
stirred to a good mix. Afterwards when the mix is ready, it is poured 
on the floor and becomes solid and hard. Ships and bathrooms are 
also painted with this mix.” 

These mixtures were undoubtedly prepared in earthenware jars or 
pots, not too big for handling. Curiously enough, I found in a Tell 
Asmar mastic (sample C, Table IV) a potsherd of coarse earthenware, 
the outside of which was finished with a fine clay slip, whereas the 
inside was rather porous and saturated with bitumen, a few particles 
of carbon still sticking to the inside. 

This is not improbably a fragment of a pot used for the preparation 
of mastic and it is equally not impossible, that some of the bitumen- 
lined jars, found in Mesopotamia, are really the actual melting pots 
of mastic. Another proof of my identification or Es1R-£-A as mastic 
may be found in the fact that this material is sold by the GuR while 
other types of EstR are sold by weight (mina or shekel) not by volume. 
This transpires from the examination of contracts from the Ur HI and 
many other periods (275). 

In the same sample a well-preserved beetle was found, which with 
much well-preserved vegetable material (which would have been 
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chatred at temperatures higher than 180° C) goes to prove, that the 
final temperature of the mixture (120°—160° C) which we established 
empirically corresponds to actual fact. The voluminous slurry thus 
obtained must then have been applied to joint, wall or floor and 
afterwards smoothed, trowelled or tamped in the same way as in 
modern practice. 

According to a statement by Professor Frankfort, several “trowels” 
of earthenware were found in Mesopotamia, consisting of a round or 
rectangular disc into which a handle was baked. 


TABLE VI 


Asphaltic bitumens produced from Near-Eastern crude oils 


ORIGIN | MESOPOTAMIA IRAQ PERSIA 


|Quayarah| Baba Gurgur 


Analysis 
Melting point R and B | 

Meth, °C 43.5 41.5 50.5 40:5) S125: 87 43.5 50 
Penetration at 25°C, | | 

100 g, 5” 139 195 47 183 45 5 ;109 | 45 
Ash % 088) = = = | = = | 20,07) 0708 
Sulphur %, 7.2 3.0 3.2 53 5 6.0 25 | ea 


That these generally show no traces of bitumen may be due to the 
fact, that to prevent the mastic from sticking to the implements, these 
were first dusted with loam or the like. When compared with modern 
mastics, these ancient mixes are found to be very similar (Table VII). 

The standard appears to be approximately that of a mastic with 
about 25°(, of bitumen and a small percentage of fibrous material, 
besides mineral aggregate having about equal portions of a sand and 
a filler. 

This composition varies only slightly during the whole period of 
Mesopotamian history, as far as we may conclude from the samples 
analysed so far. 


2. Bitumen as a building material 


After this short discussion of the ancient mastics and their compo- 
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sition I must return to the application of bitumen and first of all 
discuss its most important use, viz. as a building material, a use practi- 
cally confined to the Mesopotamian civilisation, for bitumen is used 
only in a few cases in Mohenjo Daro and Kohler’s statement that it 
was used as a mortar in building the Pyramids is incorrect. 

The great importance of bitumen (or mastic) for building purposes 
in these regions was partly caused by the fact that Mesopotamia 
suffered from a shortage of natural quarry stone and even of timber. 
study entitled Das Gottes- 
haus und die Urformen des Bauens im alten Orient how architecture devel- 


Andrae has demonstrated very clearly in h 


TABLE VIL 


Composition af bituminious mastics for different purposes 


Mortar Mortaror 


Purpose | Floor-Mastics Roof | for | plasteron 
mastic joints | concrete 
Bitumen content %, 12 15-17 14-18 15 15 12-16 15 
Sand content (coarse | 
fraction) % 37,5 50. 46-22° 25-30 40 BOF 45° 
Rilleatontent (ane 
fraction) ° 51,5 50 40-60 60-55 45 50 40 
Reference | (6) (6) (6) (6) (6) (6) 
+- Size down to 0,177 mm 


° Size down to 0.074 mm 
oped from primitive methods using reed bundles, mud bricks and 
mud plaster, making use of the special properties of quarry stone or 
wood seldom, and then for integral parts only. It was only in the 
northern parts (Assyria) that natural stone occurred in any quantity, 
but even so it was seldom employed for building purposes. The 
southern part of Mesopotamia, Babylonia or Sumer and Akkad, is an 
alluvial valley, the inhabitants of which could only obtain stone by 
barter with the inhabitants of the surrounding mountainous country, 
with whom, however, they were perpetually at war. The same holds 
good for timber, for the wood of the datepalm is only a very poor 
substitute for cedar, oak or fir. It is therefore very logical that in this 
country natural stone was only used for those purposes where it could 
not be replaced by the ordinary burnt or sun-dried bricks, e.g. for 
thresholds, sills and the like. In general practice sundried mud bricks 
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were used for common houses, the use of burnt bricks being confined 
to the construction of palaces, temples and the like. 


Tissue of a species of Salicaceae Sample of peat-moss tissue 
(willow) (from Sample FI) (from Sample K) 


Fig. 5. 


Vegetable remains in ancient mastics 


ig. 6. 
Repairing the asphalt surface of of New Street, Baghdad, 
(Photograph R. W. Parkhurst, 1930). 

Mixing the mastic (*ghit‘) from ”seyali, 


sand and lime. 


The subject of the earliest forms of the bricks and their bonding 
has been discussed in a very clear study by Delougaz (276). In the 
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earliest period the bricks were moulded by hand, a rough tile-like 
shape being probably the oldest model, though the socalled “plano- 
convex brick” with its flat and its rounded side is more easily recog- 
nizable as an early model. The form and regularity of these bricks 
was considerably improved when in the Sargonid period, moulding 
of the bricks in wooden frames placed on rush mats same the general 
procedure. The oldest of these moulded bricks are still very large 
(14" x 14” % 23”) but later on smaller sizes were made and the finish 
was improved. The general difference between these older bricks and 
modern bricks is found in the fact that the kilns in which the bricks 
were baked were very primitive and, of course the very high temper- 
ature of our modern kilns could not be obtained in them because of 
the poor quality of the fuel generally used. The baking temperature 
seldom rose above 550—600° C, as Rathgen has empirically proved 
(277). The product of these rather low baking temperatures is a soft 
brick considerably more porous than our present-day brick. Com- 
bined with the bituminous mastic, however, the resultant brickwork 
was not only very solid, but by pointing the brick with this mortar, 
the compressive strength of the brick improved substantially as the 
result of the absorption of a large quantity of mortar by the bric! 
We have already referred to the irregular size and shape of the 
earliest bricks, and this non-uniformity involved, of course, corre- 
spondingly irregular and sometimes very large joints. Now these 
thick layers of mastic between the bricks would tend to flow off or 
to being pressed out under the weight of the superimposed brick- 
work, if the mastic were composed of pure bitumen or a compound 
with sand and loam only. Here arose the early use of fibrous materials 
in the mastic ensuring a perfect res 


ance against flow. 

As the technique of brick manufacture developed bricks of a more 
regular form, it was possible to obtain smaller and more regular joints. 
For instance, whilst the joints between the older “planoconvex” bricks 
were 3 to 5 cm wide, those in the neo-Babylonian buildings of 600 
B.C. are only 1 to 14 cm. 

This is also shown by the particulars on the general appearance of 
the samples of ancient mastics mentioned in Table IV. The narrow 
joints of neo-Babylonian brickwork may have been one of the reasons 
for discontinuing the use of fibrous materials in the mastic. It is 
possible that Sample L (Table IV) 
mixture which became more current in that period. 

When in this later period the walls were covered with a flat orna- 


s an example of the bitumen-lime 
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mentation of an outside course of beautifully glazed bricks, so popular 
at that time, a special form of pointing was employed, the joint being 
only partly filled with the bituminous mortar, in order to preclude the 


possibility of the bitumen staining the glazed brick. Nevertheless 


Koldewey—to whose careful excavations we owe the splendid recon- 
struction of Babylonian Processional Roads in the Pergamom Museum 


Fig. 7. 
Bitumen mortar of a corbel-vaulted chamber. 
Ur, Mausoleum of Bur-Sin, 2000 B.¢ 
(Br. Museum Photo no. U. 1676). 


found that “it was exceedingly difficult to separate the brick courses 
from each other”. 

Towards the end of Nebuchadnezzat’s reign, bituminous mortar 
was abandoned in favour of a much less stable lime mortar to which 
varying quantities of bitumen were added. After the collapse of the 
ians and Seleucids, 


Neo-Babylonian Empire, the new rulers, the P 
abandoned even this addition of bitumen to lime mortar and confined 
themselves generally to the use of loam mortar, a decidedly retrograde 
step. The very firm bond between brick and bituminous mortar was 
already manifested to the classical writers, indeed many of them 
mention this type of brickwork. Xenophon (278) and Diodor tell, full 
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of admiration, of the Median Wall, as Herodotus did before them. 
Vitruvius (279) and Strabo (280) add that this brickwork was also 
used for vaulting and arches. Cassius Dio tells us the following (281): 
“There in Babylon, Trajan saw the asphalt with which the walls of 
Babylon had been built (for, together with bricks or gravel, it produces 
such strength that the walls made of it are stronger than rock and any 
kind of iron).” 

This was also endorsed by the first archaeologists who worked in 
Mesopotamia. Among other things, Layard says that “the bricks 


Sergon, 


Wall of King Sanherib 


J-+som 


imbankment of Ki 
‘Adednirert 


Embankment at Assur. 


bonded with asphalt have remained immovably in place for thousands 
of years,” 
But even to the Babyloni 


ns themselves this combination represent- 


ed something which men referred to as a symbol of stability. This is 


evident from a current proverb for, instead of saying: “Everything 
goes against me”, the ill-fated person would complain: “Now, here 
Lam in a house built firmly of brick and asphalt, in spite of which a 
lump of loam falls on my head” (282). 

\ few examples will convince us that this kind of brickwork was 
common throughout the entire history of Mesopotamia. The oldest 
known houses in the region were revealed during excavations at 
APUbaid. They consisted of a simple frame of arched bundles of reeds 
to which rush matting, coated with bitumen, had been attached to 
form the walls. 


The prehistoric temple mound in Erech discovered by Andrae is 
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of a slightly later date. This platform, 12 metres high, was erected to 
form the foundation for a temple of Anu. It had been built of lumps 
of pounded clay intersected by courses of dried brick and bitumen 
for the purpose of strengthening the clay mound and preventing it 
from drying out. It is but a small step from this primitive construction 
to the massive brickwork of later ages. The oldest buildings in “plano- 
convex” bricks were found by Taylor in Eridu and later also in Ur. 
Bituminous mortar had been used everywhere as was the case in other 
but more recent towns, such as Kish and Nippur. 


Fig. 9. 
Repairs to embankment at Assur. 


In Nippur quarry stones bonded by mastic were used for the 
building of the oldest walls and gates, while the oldest houses are 
still built with loam mortar. 

In Ur the Third Dynasty kings left us many splendid examples of 
corbel-vaulted chambers, etc. bonded with mastic (283). 

In the city of Babylon bituminous mortar did not come to be used 
until the time of Hammurabi, as Koldewey and Reuther have proved 
(284). 

A “revolution” occurred in Neo-Babylonian times when a con- 
siderable change of technique seems to have been caused by the 
extensive constructions or rebuilding projects of Nabopalazzar and 
Nebuchadnezzar. As far as we can judge, the use of fibrous material 
in the mastic was discontinued and a new method adopted. Each 
course of bricks, after being pointed with mastic, was first covered 
with a thin layer of the same mastic. To this was then applied a thin 
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layer of loam, which carried the following course of bricks. In this 
way joints 1—1} cm wide were obtained. At the same time, every 
fifth joint was provided with a layer of bands of reed culms beaten 
and thereafter plaited into mats, which were apparently intended as 
a species of reinforcement. It is not clear why the architects of this 
period departed from the original good tec 
adjacent cou 


hnique and prevented 


s of bricks to be cemented together by applying a layer 


Fig. 10. 
‘The water tank in front of a temple discovered during excavation at Mohenjo Daro 
(Indus Valley), showing the oldest known use of bitumen as dampcourse, 2300 B.C, 
(Photo Archaeol. Survey of India). 


of loam. The layer of matting, already mentioned by Herodotus (285), 
has been excellently preserved, wherever it lies embedded in the mastic. 

Timber was only sparsely used in architecture. A palm-wood 
column overlaid with mosaic of red-ribbed stone and mother-of-pearl 
in mastic was found at Al Obeid. Asphalted trunks of trees were often 
Some e€ 


built into the masonry mples of this were found in the 2 


metre thick walls of the temple tower of Ninmach in Babylon. Corners 


of walls were also strengthened with asphalted poplar-wood. 


In vaults of arches, the joints between the lower bricks were made 
without mortar or with a mastic-loam composition, but the keystone 
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was first dipped in bitumen before being put into place. Older vaults, 
such as for instance a corbel-vaulted chamber at Ur dating from the 
Third Dynasty, are executed in the normal mastic brickwork. 


3. Bitumen as a water-proofing agent 


The excellent water-proofing properties of bitumen were put to 
good account in very early times, and many examples testify to the 
appreciation by the ancients. Even in prehistoric times bi/wmen was 


‘The wall of the water tank at Mohenjo Daro, showing the bituminous layer, 
(Photo Archacol. Survey India), 


used as a water-proofing agent for example for the brick basins at Ur and 
at Erech (286). 

At Al Obeid drain-pipes were mended and coated with bitumen. 
In Assyria bitumen-lined bathrooms are already in use during the 
Tepe Gawra VIII period. 

Another very old use of bitumen as a water-proofing layer occurs 
in the valley of the Indus, where some fourteen years ago a number 
of relics of an ancient unknown Pre-Aryan civilisation were found. 
Sir. J. Marshall estimates that this civilisation reached its peak between 
2500 and 2000 B.C. and declined before the well-known invasion of 
the Punjab by the Aryan tribes. 


uw 
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In front of a temple in Mohenjo-Daro, a bath has been found which 
was very probably used for ritualistic cleansing purposes. This bath 
measures 39’ x 23’ ~ 8’ and on the outside of its 3—4 feet thick 
walls, as also under its floor, a 1-inch thick layer of rock asphalt had 
been applied between two courses of baked bricks. The three large 
supply and drainage channels had been water-proofed in a similar 
way (287). In Nippur in Mesopotamia, at about 2500 B.C., gutters 
were built of brick set in a bituminous mortar. A little later, about 
2300 B.C., the ziggurat of Enlil in Nippur was built, and its sub- 
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Fig. 12. 
Cut through the Wall of the Watertank at Mohenjo Daro 
(Indus Valley), 


structure was insulated by the application of a protective coating of 
bitumen to the sloping outside wall. In Khafaje gutters were found 
which were constructed as follows. A groove, 70 cm wide, had first 
been dug and filled with loam, the desired gutter was then cut into 
this layer of loam, after which a mastic layer about 3 cm was thick 
applied to the finished mould (abt. 1900 B.C.). In Assyria, it is a very 
general thing to find that bituminous mastics were used as damp- 
courses under floors, and as linings to drains. Bononi mentions such 
waterproof layers in buildings at Niniveh (288). In Bismayah, too, 
gutters and drainpipes were coated with mastic or actually made of 
it (289). The use of such mastic is very general for the construction of 
wells and waterbasins, bathrooms, in fact everywhere where the bricks 
could be damaged by rain or by running water. Examples abound at 
Babylon, Khafaje, Ur (shrine of Bur-Sin), etc. 
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These useful properties of bitumen were also used extensively in 
the building of embankments, quay-walls and dykes. Mesopotamia 
was a country, which could only sustain any considerable number of 
inhabitants by the careful upkeep of the system of irrigation. The 
dykes and embankments also served to protect the country from the 
torrential flood waters arising from the melting of snow in the 
mountains of the North. 


3 cm Mastic layer 
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Kassite Drain with Mastic Floor. 


These embankments and dykes were constructed with very great 
care and several examples have remained intact upto the present time, 
including some very fine ones in Assyria. In Assur, Adad Nirari I 
built in 1280 B.C. an embankment 5000 feet in length along the banks 
of the river Tigris. In the construction of this embankment, which 
was of course carried out behind a temporary dam, a retaining wall 
was first raised, this wall being faced with limestone blocks jointed 
with mastic, and in its turn, this rough masonry was protected by an 
outer wall of brick keyed to the main body of the structure by means 
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of buttresses or counterforts at intervals, the buttresses even connect- 
ed up behind the wall, and built as an integral part of it. These 
buttresses were 5 feet in thickness and extended backwards for as 
much as 20 feet. The whole of this brickwork was jointed with bitu- 
minous mortar (290). 

In this embankment some apertures have been found containing 
foundation deeds. 

We can read in these tablets that the bitumen (the texts say “kupru” 
= pitch) used was mined at Ubasé (the present Qal’a Shargat). Ac- 
cording to Andrae, use was made partly of natural bitumen and 
partly of a mixture of bitumen and loam or bitumen, sand and gravel. 
In his description of this embankment Andrae observes “that after 
3300 years it still faithfully fulfils its purpose.” (291). Meissner informs 
us that the great Assyrian king Sanherib stated in one of his inscriptions 
that he was “covering the bed of the diverted river Telbiti with rush 
(matting) at the bottom and quarried stone on top, bonded with 
natural pitch. I thus had a stretch of land, 454 ells long and 289 ells 
wide, raised out of the water and changed it into dry land” (292). 

Similar embankments were built in Babylon by Nebuchadne: 
(293). 

It is in this Neo-Babylonian period that the number of uses to whic! 
bitumen was put in structural works greatly increased. One example 
of this is in connection with the bridge, 370 feet long, which Nebu- 
chadnezzar built on the Euphrates near Babylon, incidentally a work, 
which Herodotus erroneously ascribes to the legendary queen Nitro- 
cris (294). The piers of this bridge, 9 metres high and 21 metres wide, 
were placed at intervals of about 9 metres. They were constructed 


entirely of brick in bituminous mortar, and moreover the base of 
each pier was provided with a protective coating of bitumen. As 
another example may be cited the walls of the Royal Palace in Babylon, 
the footings of which were protected by a mastic layer on top of a 
rush mat (295). 

Nebuchadnezzar also built large “cloacae” for the drainage of the 
city of Babylon (296). In one case, he constructed a channel through 
the thick layer of loam, which had been cast over the relics of the 
older Sargonid wall, thus greatly improving the drainage from the 
inner city into the Euphrates. This channel was lined with “blocks of 
asphalt” consisting of a mixture of bitumen, loam, and gravel, these 
blocks being made by pouring the bituminous mixture into a mould 
placed upon a large tile. On removing the mould, the tile remained 
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adhering to the asphalt block, which was then built into the channel 
in such a way that the adhering tile formed the outer layer. 
Purthermore during this last period in Babylon, the use of bitumen 
for the jointing of drainpipes became common practice, as also for 
the lining of water closets. Gutters were often let into the walls of the 


. 14 
Mastic covered toilet-seat, Tell Asmar (Akkadian Period). 
(Photo Orient. Instit.) 


houses to drain water off the flat roof to the street or to a sewer and 
these gutters were often coated with bitumen (297). The water-tight 
basins or tanks in inner courtyards of the Babylon of this period are 
often distinguished by the application of a thin layer gypsum plaster 
over the waterproofing mastic layer. In the long run, this gypsum 
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Fig. 15. 
Water Closet in Neobabylonian house (showing application of bitumen). 
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Fig. 16. 
Neobabylonian Bathroom. 
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coating would have been useless for waterproofing but must have 
mainly been intended to improve the appeatance of the work. Andrae 
found similar examples of somewhat earlier date in Assur (298). 


4. Bitumen as a road-building material 


The system of building with bricks and a bituminous mortar as 
previously described had been in use for many centuries before it was 
applied to road building, although it was employed for the con- 
struction of terraces for in Nabopalazzar’s palace in Babylon we find, 
superimposed upon ten courses of brick in mastic, a layer of hard 
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ig. 17. 
Model of Processional Road Aibur-Shabu. 
(Photo Vorderasiatisches Museum, Berlin). 


core, into the interstices of which mastic was poured, serving as a 
foundation for the actual floor. Nebuchadnezzar too often built 
similar terraces for his monumental buildings. He says proudly in his 
inscriptions: “I made a “nabalu” and laid its foundations against the 
bosom of the underworld, on the surface of the (ground) water, in 
bitumen and brick. I raised its roof and connected the terrace to the 
palace; with bitumen and brick I made it tall like unto wooded 
mountains” (299). 

In a land of caravan roads, the normal needs of traffic would call for 
no special form of paving and it would be only when the pomp and 
circumstance of the King and priests increased that special paving was 
required for the Royal or Processional Road (300). These roads 
merely connected temples or royal palaces and did not of course form 
the main traffic arteries in a period without any systematic town- 
planning. These main roads remained in their primitive state, needing 
no paved surface, for they carried pedestrians and beasts of burden, 
for which the pounded or rolled clay soil was quite sufficient. 
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Fig. 18. 
‘Types of Babylonian Floors. 
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Fig. 19. 
Floorconstruction of the Palace of Nabopalassar at Babylon 
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Fig. 20. 
Floor of the Temple of Ishtar at Babylon. 
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The Processional Roads, however, were built with a foundation 
consisting of several courses of bricks jointed with mastic, and the 
road surface covering this foundation consisted of slabs of natural 
stone imported at great expense from the northern mountains. These 
stone slabs were also jointed with bituminous mortar, and an inter- 
esting feature of this work is that the joints were narrow at the top 
and broad at the base, and only the lower half of the joint was filled 
with mastic. In this way, precaution was taken against the mastic 


Processional Road * *Aibur- Shabu“ at Babylon, 


flushing to the surface, which, as we remember, was especially to be 
feared because the Neo-Babylonian mastic was no longer stiffened by 
the addition of fibrous material. 

Another feature of these roads is their concave surface, the rain 
water being drained to the middle and carried away through gullies 


built into the foundation. 


Burnt bricks Rech and gravel foundation 


Fig. 22. 
Processional Road in Temple of Ishtar at Assur. 


The Processional Road in the Temple of Ishtar at Assur shows a 
surface with artificial wheel-ruts or tracks. 

This is a very exceptional feature in Mesopotamia, but it was 
common in Neolithic Malta and in classical Greece (301). As regards 
floors, numerous examples have been found in which bituminous 
mixtures were used, The earliest bituminous floors are simply layers 
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of mastic laid on a rammed loam foundation and examples of this 
kind dating back to about 1800 B.C. were found in Khafaje, and at 
even earlier dates in Tell Asmar and Ur. In the city of Babylon, they 
do not, however, become common until the Kassite period. Ata later 
date, courses of bricks jointed with mastic were used for flooring, 
and there were very numerous variations employed in this system of 
laying by combining them with one or more courses of bricks in 
gypsum mortar. 

Our analyses (Table IV) show a number of examples of the use of 
mastic on floors or threshold. In spite of the hardening of the bitumen 
through ageing, the cohesion is still fairly good and though several 
samples are somewhat brittle they still retain a certain thoughness and 
do not crumble under light pressure. Indeed some of them when 
tested were still proof to a water pressure of one atmosphere. The 
earlier samples from Tell Asmar may be called rather thin, when 
compared with the above mentioned mastic floors of the Kassite 
period, which are generally 30—60 mm thick. In fact they make the 
impression of being meant as a water-proofing layer of bituminous 
plaster rather than a floor. In some cases, the joint between floor and 
wall is also made with mastic, as examplified in several rooms of the 
Ninmach temple of Babylon. 

These Babylonian roads and floors appear to be very solid from 
our point of view perhaps too solid, but recently Colberg (302) pointed 
out, that they might serve as ideal examples of foundations or floors 
free from vibration troubles. 

He states that “the Babylonians have unwittingly constructed these 
roads to be unimpaired by vibration. The construction of the Pro- 
cessional Road ‘Aiburshabu’ would serve to protect it against the 
impact of modern traffic. The above mentioned floor in the temple of 
Ishtar in Babylon could have served as an ideal floor of modern light 
steam engine or compressors and the like.” 

Nissen states that for pavements in Pompeii he found mixtures of 
bitumen, sand and gravel, but about this modern research has nothing 
further to say. 


5. Some minor applications of bitumen 


a. Lighting and heating 


Both crude oil and bitumen are said to have been used in Antiquity 
for lighting purposes (303). Although this is not entirely out of the 
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question, the thick sulphurous oil was certainly less suited for illumi- 
nation than the commonly used olive-oil, and it will also have given 
less light. No texts give us any information on its use in lamps, but 
in ancient Babylon, for instance, torches were made by soaking a 
bundle of rushes in bitumen. 

We have already mentioned that in Sicily, in Roman times, ‘liquid 
asphalt’ was burned in lamps instead of olive oil and it is not till many 
centuries later that the lighter fractions or lighter crude oils were 


Fig, 23 
Column of palmwood overlaid with mosaic 


in red-ribbed stone and mother-of-pearl set in bitumen 
(Al Obaid, 3100 B.C. ?) 
(Photo Br. Museum). 


used. Arabian records tell of naphta torches which the Egyptian 
Sultan’s body-guard carried in about 1000 A.D. 
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The lack of a suitable lamp for the burning of petroleum, continued 
to stand in the way of its general use but in a very primitive and un- 
satisfactory way. 

There is little evidence of the use in any early period of petroleum 
for heating purposes; of course the lack of suitable oil burners would 
have constituted a serious obstable. Nevertheless, in the later Roman 
Empire petroleum began to be increasingly used for this purpose, 
despite the handicap of its inflammability and great volatility. It is 
therefore all the more remarkable to learn form a description of the 
city of Constantinople by the curoplastes, Condidos, that ‘Median 
fire’ was used as fuel in the time of the Emperor Septimus Severus 
for the central heating and hot water supply in the thermae (304). The 
Emperor supplied a great need of the people by building two large 
thermae, in one of which called “Kaminia”, 2000 people were able to 
refresh themselves daily. Air and water were heated in the subter- 
ranean vaults by numerous glass or earthenware lamps filled with 
burning “Median fire”, and by means of these—so say reports—the 
desired temperature was attained more rapidly than with the usual 
wood fuel. Unfortunately, these thermae were destroyed during in 
rebellion a few centuries later. 

In the Middle Ages the use of petroleum as fuel again became rare 
and it is not until the eighteenth that in Baku crude oil and natural 
gases were once again used for heating purposes. 


b. Paints and protective coatings 


It was known to classical writers that bituminous paint was used 
in Babylon. This Strabo informs us (305): “On account of the scarcity 
of'timber their buildings are finished with beams and pillars of palm 
wood. They wind ropes of twisted reed round the pillars; and then 
they plaster them and paint them with colours, though they coat the 
doors with asphalt.” 

Examples of these pillars of palm-wood found at Erech, Kish and 
Al Obeid date back to the prehistoric period and in all these cases the 
mastic is not only applied as a protective coating, but its adhesive 
properties are used for decoration of these pillars with mother-of- 
pearl and limestone inlay-work. 

Reuther (306) found that in Babylon outer walls were often plastered 
over with loam to which a distemper of gypsum was applied, and 
finally bitumen paint. We are, however, not sure whether the whole 
of the wall was covered with this paint, or whether it was simply 
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applied as a sort of dado, as the remains of these old walls, which 
have been found are seldom higher than 5 feet. Bitumen was not only 
em to have been made 


used as a paint in a pure form, but mixtures 
with chopped straw, reeds, or rushes, on the lines of the normal white- 
wash of gypsum or lime and chopped straw and similar material. In 
this way we often find decorations on old Babylonian buildings con- 
sisting of alternate strips of bituminous and gypsum whitewash 


applied on plaster. 


Fig. 24, 


Engraved shell-plaque with engraved lines and background 


filled in with bitumen (Ur, Royal Cemetry, 2600—2500 B.C 
(Photo Br. Museum). 


The application of bitumen as a paint actually dates back to the 
very earliest periods in Mesopotamia. Such paints were not only used 
for protective water-proofing properties, but also were applied from 
the earliest times on pottery for decoration purposes, They were for 
instance extensively used in Susa II ceramics. 


Then again, bituminous paint was often used for the purpose of 


repairing cracked plates, vessels and other articles of pottery, even 
limestone statues (Ur, Id dynasty). 
In ancient Mesopotamia it was customary to keep beverages cool 


by storing them in porous vessels which permitted considerable 
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evaporation, and by this means substantial cooling was obtained. This 
custom is still adhered to in tropical countries. If such a vessel became 
too porous or deteriorated in some other way, it was a simple matter 
to recondition it by applying a coating of bitumen, after which 


Drainpipe mended and caulked with bitumen 
(Al Obaid, 4th millenium B.C.?). 
(Photo Br. Museum). 


treatment the vessel, although now unsuitable for its original purpose, 
could be used for storage and other uses. This method of recondition- 
ing is met with in the earliest Mesopotamian strata. In the earlier 
periods it was usual to coat only the inside or the outside of the vessel, 
but in later periods, such as the Persian Empire (from 540 B.C. on- 
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wards) both the interior and the exterior of the vessel were coated 
with bitumen. This was purposely done in the production of cheap 
pottery so as to avoid the expensive process of glazing, especially in 
the Seleucid and Parthian periods (307). 

A few examples of bitumen used as a protective coat of paint on 
wooden parts of buildings have also been found here and there in 
Mohenjo Daro. 


Neobabylonian cist showing 
3 cm, bituminous coating 


Babylonian coffin consisting of 
two pots with bituminous mastic 
coating, 


Fig. 26. 
Types of ancient sarcophagi. 


Bitumen was not used as a paint in Egypt. The so called “bitu- 
minous lacquer” found on various boxes, chairs and other objects in 
Tutanchamun’s tomb is very transparant, hence there is certainly no 
bitumen present and it is as Lucas (308) justly conjectures, a lacquer 
prepared from a natural dammar resin, which darkens considerably 
in the course of time. 

An instance of the classical use of bitumen as a paint is given by 
Pliny (309): “The ancients coated the monuments with bitumen, 
which makes it all the more remarkable to remember that they loved 
to cover them with gold. I do not know whether it is a Roman 
invention, but it is said that it was done at Rome first,” and he tells 
us also (310): “It is placed as a coating on copper articles and makes 
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them resistant to fire(?) we have already mentioned that it was once 
used for staining copper and varnishing statues. Iron workers use it 
in their workshops for varnishing iron, for the heads of nails, and for 
many other properties.” 

These iron-workers perhaps sometimes imitated the Egyptian 
goldsmiths, for whom we read in Egyptian papyri (311) directions 
to add bitumen when melting down certain mixtures or alloys. This 
bitumen is possibly forming an enclosing layer on the molten mixture 
and may thus prevent oxidation. 

One of the most remarkable applications of bitumen as a dyestuft 
is recorded in the so-called “Leyden and Stockholm papyri” (Papyrus 
Graecus Holmiensus) which were written in codex form in about 
300 A.D., but which actually had their origin many centuries earlier 
(312). They deal with ancient Egyptian recipes for the colouring of 
metals, so that on the surface they look like gold or silver, and for 
the making of imitation precious stones. The basic material for the 
synthetic gems was a pure silica secretion which occurs in the nodes 
of the Indian bamboo, known as early as 300 B.C. to Theophrastus 
and in these documents called “tabasios” or “tabasis” (Arab. tabashir). 
This secretion is very porous and iridescent and easily absorbs all 
kinds of substances. This enables it to be treated with various dyes. 
The procedure was a follows: 

The material was first washed in either water, calcium acetate 
solution (obtained by dissolving lime in vinegar) or rice-water and 
it was then slowly boiled in a material such as wax. The next process 
was known as “polishing”; it consisted in boiling in blood, dipping 
in white of egg and wrapping in a linen cloth for storage. 

~ After this came the actual “staining”. 

The more usual precious stones imitated were rubies and helio- 
tropes. For the former, mixtures of pitch with resin, “bitumen Tudai- 
cum” or dragon’s blood; for the latter, mixtures of wood-tar with 
alkanna, etc. were employed. 

Mumiya, the scrapings from mummy linen or the filling of mum- 
mies, also went for the making of paint (313) and even in a fairly 
recent book like that by Newton Friend (314), we find this passage: 
“Mummy paint is a brown paint used by artists. Genuine mummy 
paint should consist of dried ground up mummies, mixed with some 
suitable liquid vehicle such as linseed oil.” 
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c. Water-proofing with bitumen 

Bitumen was not only used for water-proofing in architecture or 
civil engineering for a somewhat lugubrious use of bitumens was for 
water-proofing and insulating coffins. The chests, in which the dead 
were laid to rest in a hunched position, were enveloped in a mat and 
the whole was coated with mastic and covered. The later shapes, also, 
such as the bath-shaped sarcophagi of baked clay, or the coffins 
consisting of two large pots, were cemented and insulated with 
bitumen on the outside. These sarcophagi are usually found in a state 
of great disrepair, owing to various circumstances. Wherever they 
have been left undisturbed, however, the layer of bitumen has per- 
formed its protective and preservative work most excellently. The 
mats and the palm-wood lids, protected by the film of bitumen, have 
then remained wholly unaffected, in spite of the fact that the level of 
the ground water has risen almost everywhere in Mesopotamia. As 
Strabo records (315), this great preservative power of bitumen was 
utilized by the Babylonians, for very often rush or wicker baskets 
were dipped in hot molten bitumen, by which means they were changed 
into solid, watertight vessels. A very well preserved specimen of a 
basket of this kind was found in a loam-lined hole in the foundation 
of the temple of Ishtar of Akkad in Babylon (316). It proved to have 
been made of plaited palm leaves and to have been used as a receptacle 
for a deed of foundation. 

In Babylon bitumen was very generally used for waterproofing the 
seams and sides of craft. The old saga tells how the great king Sargon 
was placed as a small baby by his mother, a priestess, in a casket of 
rushes which she “entrusted to the river, after having closed up the 
lid with asphalt” (317). This saga became the prototype of similar 
legends pertaining to important figures in Antiquity; the story of 
Moses (318) is almost identical with it. But in actual practice the same 
procedure was followed: a raft or round hamper of rushes or wicker 
was plaited, which was then waterproofed by stretching animal hide 
on the outside or coating it with bitumen. To this very day the circu- 
lar “guffah” which caused Herodotus’ astonishment (319) are made 
in the same way in Hit and Birijik. Herodotus at various stages of 
his story confuses the “guffah” or “quffa” (Ass. quppu: a plaited 
basket) and the “kelek” (Ass. kalakku: inflated skin). The quffa is 
a relation of the prehistoric round coracle, which is still used in 
Wales and in parts of Inner Asia. It seems that originally the quffa, 
like the coracle was made watertight with the help of hides or skins. 
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However in the course of Mesopotamian history more and more 


“quppu” are coated with mastic. In the days of King Hammurabi 


(1724—1682 B.C.) the art of making them had become a common 


trade, for in the famous Code of Law (§ 234—235) we read: 


Fig, 27. 
Clay figurines of goddesses with bitumen wigs 
(Pre-Flood period, Al Obaid) 
(Photo Br. Museum). 


“If a boatman caulked a boat of 60 kur for a seignior, he shall give 
him two shekels of silver as hi 


renumeration. 

If a boatman caulked a boat for a seignior and did not do his work 
well with the result that that boat sprung a leak in that very year, 
since it has developed a defect, the boatman shall dismantle that boat 
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and strengthen it at his own expense and give the strengthened boat 
back to the owner of the boat.” 

A quffa of 60 kur has a volume of 5 register Tons, but the cunciform 
texts also mention smaller ones of a volume of 10 or 20 kur and larger 
ones upto 100 kur (9 Tons). The mastic is heated in a special furnace 
(kiru), the hot mastic is applied to the surface of the basketwork 
quffa (tabaku). This part of the work is called “kaparu”. A final coat of 
pure bitumen (ittd) is then painted or poured (nadu) on the inner side 
of the quffa. The layer of mastic on the outside is }” to 1” thick, this 
agrees with the amounts of mastic mentioned in the texts (about 210 L 
of mastic per register Ton). The same texts inform us that loads of 
upto 500 L of mastic are carried by quffa to other cities to be applied 
to the waterproofing (kaparu) of other quffah. The trade was sufficient- 
ly developed to have created its own vocabulary. 

The famous Gilgamesh epic (320) tells how the hero, Ut-napishtim, 
builds a ship in which to escape the approaching flood. He says: “I 
coated the inside with six Gur (252 L.) of asphalt and the outside with 
three Gur of asphalt.” 

This, again, is the forerunner of many similar flood stories. Noah 
also waterproofed his ship with asphalt (321). Bitumen was also used 
by the Greeks and Romans for this purpose, although it became in- 
creasingly the custom to use tar and pitch in the later Roman Empire. 

When reviewing the first edition of this book in JESHO (IIL. 1960, 
218—221) W. F. Leemans stressed the importance of bitumen for 
caulking and building boats and in view of the important texts he 
cites (321 a) we reproduce his remarks verbatim: 


Bitumen and mastic found, as is shown by the present texts, a main application 
in ship-building. Boats were the most general means of transport in southern 
Mesopotamia and every boat must have been caulked with bitumen and mastic. 
Pitch was not available there, or at least must have been much more expensive. 
It may even be said that without the use of bitumen the Sumerians would not 
have been able to construct their numerous boats, and these boats were a sine 
qua non for achieving the high level which the Sumerian civilization reached, 
Only by boats of good construction could the metals, stc nes and other articles 
which are an inevitable condition for a higher level of ci ation be imported 
in large quantities. The Sumerian trade was based on shipping and boats ate 
mentioned in large numbers and in a great variety of types in the texts. 

Caulking boats ( fa/ih”) was an important profession. It is surprising that not 
many economic texts refer to the use of kupru and itt in shipbuilding, but this 
is in accordance with the general phenomenon that only a few economic texts 
refer to the building of boats. Apparently either texts were as a rule not drawn 
up in this industry or no texts have been preserved. For some examples from 
Lagash see A. Salonen, Wasserfabrzeuge, pp. 148—149, and A. Falkenstein, 
Gerichtsurkunden, no. 214,57 (esirma-a). A receipt for 4 ia 2 pr and 3 sutu of itt 
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(ofa certain kind ; bizirtim?) for making 3 boats is recorded in Riftin, SV AD 93, 
while no. 94 of the same edition records receipts of 30 and 40 kur of the same 


material (both Old Babylonian). 


Some Larsa texts from the reign of Rim-Sin (ca. 1800 B.C.) seem to contain 
interesting information on the use of bitumen. 


1. YBT V 90 (lower part of the obverse of a tablet): 


(x lines lost) 

4 (ban) esir sa a-na li-tb-[bi...... J 
in-na-dit-ti 

1 pri (bin) esir a-na /i-ib-bi mah'-4 


8 gur esir-é 

1 pr 5 (ban) esir 
Ja a-na 2 mah'-* 8-gur-ta 
is-fa-ak-nu 


4 sutu of itt which is laid into the 
bulk(?) of boats(?), 
1 pri sutu of iff for the bulk(?) of the 
boats 
(totally) 8 kur of Aupru, 
1 pr 5 sutu of it#n, 
which have been put into 2 boats 
of 8 kur. 


‘The items of i#/# are all preserved; these were preceded by items of Aupru, just 
as they are in the following texts, to a total of 8 kur. 


Zed) Ware: 

12 gur esir-¢ ma da(?)-x-li 

4 ur AL(?),.NA.KI 

1 (bin) esir a-na ta-al-pi-it-tim 


4 (ban) esir sa a-na esir-t it-ta-ab-ku 
1 pr 4 (ban) esir fa a-na Hi-ib-bi afl 
it-ta-ab-kiu 
16 gur 3 pr esir-& 
2 pt 3 (ban) esir 
Ja a-na 2 *'-ma 20 gur-ta 
[is |-da-ak-nu 
Nisannu 8, Rim-Sin 12. 
3: VBI 234" 
15 (gur) 2 pr (ban) ur esir-e 
Ja &iemd 100-gur 


ia Si-li-Tstar 
2 pi 3 (ban) fa #i-ma-dagal-la i 
16 gut esir- 


2 (ban) esir a-na /a-al-pi-tim 
2 pi 2 (ban) a-na ki-ri-im 
2 pr 2 (bin) a-na ni-mir(?) =-ma 1-8 
16 pur esir-€ 
4 presir 
Sa a-na 2 *iema 1-4 20-gur-ta 
ie-ga-am-rit 
Nisannu 20, Rim-Sin 14. 
4. YBT V 239: 
6 (gur) 2 pr esir-é 
1 pr 3 (ban) esir 
fa Si-ma 4-8 10-gur-ta 


Nisannu, 25, Rim-Sin 17. 


12 kur of Aupru for 
4 kur of Aupru for 
1 sutu of #4 for the cover(?) 
of the deckhouse, 
4 sutu of i/4/, which have been poured 
on the &upri, 
1 pt 4 sutu of i/4/ which have been pour- 
ed out in the hull of the boat, 
(totally 16 kur 3 pr of Aupri, 
2 pr 3 sutu of i718, 
which have been put into 2 boats 
of 20 kur. 


boat, 


15 kur 2 pr 3 sutu of Aupru 
for a boat of 100 kur 
Silli-[Star. 
2 pr 3 sutu for broad boats 
(totally) 16 kur of Aupru. 

2 sutu of i/ff for the cover(?), 
2 pi 2 sutu for the oven (melting pot?), 
2 pr sutu for the... of the boats, 

(totally) 16 kur of Aupru, 

4 pi of itt, 

with which 2 boats of 20 kur 
have been filled. 


6 kur 2 pr of kupru, 
1 pr 3 sutu of /tt#, 

with which boats of 10 kur 
have been caulked. 
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First it should be examined whether the quantities of Aupru and itti were loaded 
in the boats mentioned in the last lines but one of each text, or whether they were 
used for the construction of these boats. Sakanwis a usual verb for loading a boat, 
but the verbs gamaru and pai are uncommon for loading and the latter verb is 
found for caulking (CH §§ 234235). The beginning of text no, 3—a quantity 
of Aupru for a boat of 100 kur—seems to show that the Aupru and the i### were 
only loaded in the boats of 20 kur, but the exact description of the purposes for 
which the i/#@ was used in text no. 2 seems not to be relevant for a statement of 
loading. On the other hand again, it seems unlikely that in the construction of a 
small boat of 8 kur a quantity of 4 kur (ca. 480 litres) should have been needed 
(text 1) and for a boat of 20 kur 8 kur of Aupru (texts nos 2 and 3). In text no, 4 
no number of boats is mentioned, but in view of the quantities in the other texts 
it may be supposed that it was only 1 boat, notwithstanding the plural. It seems 
that somewhat more than 15 kur was needed for a boat of 100 kur according to 
text no. 3. From lack of knowledge about the quantities of pitch and similar 
materials used in the building of similar boats in southern Iraq and on the shores 
of the Persian Gulf in the present time, no definite conclusion about this point 
seems to be justified. 


Nevertheless the texts yield interesting information: 


a. In boat building large quanti 
ot fli: 

b. Jit may have been the more valuable material; the quantities are much 
smaller and these quantities and the purposes for which they were used are 
exactly stipulated ; 

c. We learn a number of verbs used in connection with Aupru and itti: jakanu, 
gamaru and pabi. Pabii means in this connection “to caulk”, gamdru is found in 
connection with the completion of boats. Other terms applied to iti were nadii 
(text no. 1), sabaku and /apdatu in the 11-form (2 and 3). 

d. /t# was used in a fluid condition for some operations; it was poured out 
(tabaku) (text 2). In order to obtain the fluid condition it was put into an oven 
(Airu, text 3). It could be poured out on &upru (text 2), apparently in order to 
improve the Aupru. One wonders whether the purposes in texts nos 2 and 3 were 
not almost the same and, therefore, whether not only the first but also the other 
purposes mentioned are perhaps identical. 

e. [tt was applied 1) for the deckhouse, 2) for adding on the éupru and 3) on the 
inside of the boat's hull. 

f. Kupru was probably the more consistent material, but nevertheless it could be 
measured by measures of capacity, just as //4# was. Points d and f are in agreement 
with the observation of Forbes (p. 21) that /### was the soft, sometimes moist, 
product of the bitumen-pools and that Aupru was as a rule harder bitumen or 
mastic. 

g. It may be supposed from the preceding remarks that Aupru was used for the 
rougher coating (Aaparw) or caulking of the boat and that #¢/i was generally used 
for the finishing touches. 

h. The two articles were closely related but yet were clearly distinguished in the 
period of the texts, and served different purposes. 


s of Aupru were used and only small quantities 


These important considerations lead Leemans to a discussion of the 


nomenclature reviewed on our pages 1322, (including our Table 1) 
on which he says this: 


Forbes supposes (p. 18) that estr.up is purified bitumen. In the texts of the 
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Ur III period this bitumen is found in very large quantities. Another variety, 
mentioned in large quantities in the same period is esir.€.a, while esir. ¢.a is also 
found. All of these were apparently used in large quantities both in building 
houses and boats. The present texts show that Aupru was the Akkadian name for 
the article used in large quantities in boat building. With our present knowledge 
there seems to be no ground for differentiating FsIR.UD, esir.¢ (written ESIR.UD. 
bu), esir. é.a (written EsIR.UD.DU.A). Esir-é-a may have been a quality especially 
prepared for use in building houses, just as esir-ma-a and esir-apin may have 
been special qualities used for boats and for irrigation works. 


In conclusion, for Mesopotamia only the following table seems to be justified 
(cf. table I): 


Genus species member description Sumerian | Akkadian 
a) petroleum all crude oils, fluid i-esir Saman-itti 
Bitumen | Saman Sadi 
napti 
b) native bitumen soft and pure esir ith 
asphalts or fairly pure 
mastic impure, esir-c 
large percentage {esir-¢-a Aupru 
of associated esit-UD 
matters 


The quotations under LV (pyrogencous residues) in the table are questionable. 


d. Bitumen as a cement or adhesive 


Almost everywhere in Antiquity bitumen was used as a cement. 
The inhabitants of the lake-dwellings in the Alpine region used it for 
the cementing of articles of use, for instance to fix arrowheads to the 
shaft. They aiso stuck thin leaves, cut out of birch bark, with it to 
their pottery. Sometimes they would let a groove into the surface of 
these jars, fill it with bitumen into which they stuck small stones, thus 
creating a kind of mosaic pattern (322). 

The use of bitumen as a cement for various costly gems in mosaics 
or inlaid work is one which has always attracted attention and which 
is mentioned and illustrated in most manuals on bitumen. Friezes, 
consisting of white stone, mother-of-pearl, lapis lazuli or red stone 
laid in bitumen, sometimes placed in a copper frame, were made as 
early as the al Ubaid period (i.e., before 2800 B.C.). This technique 
enjoyed long popularity, and numerous examples have come down 
to us from the Third Milennium (323). Bitumen is also used for 
holding gold or other beads (324), fixing knives in their hafts (325), 
and water-proofing porous material (326). 
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In prehistoric times ostrich eggs were made into vases decorated 
with lapis lazuli and mother-of-pearl in bitumen. In this way, shells 
are fixed to a libation vase of Gudea, and several examples were 
excavated at Bismaya (327). It used to be the general custom to fix- 
mother-of-pearl, ivory or coloured stone plaques into the eyesockets 
of statues by means of bitumen (e.g. finds at Adab, Kish and Esh- 
nunna). In Khafaje bitumen had also been used to fix a heavy albaster 
relief to the wall, although it was already held by a peg through the 
hole in the centre. 

In Mohenjo Daro bitumen served as a cement to fix wooden boards 
to the steps of brick stairs leading to the Great Bath. In Egypt it is 
often used to cement mummy chests, wooden coffins or statues (328). 
In a prehistoric granary of the Fayum Miss Caton Thompson found 
a wooden sickle with flint teeth set in bitumen. In Mesopotamia the 
sickle often consists of a rod or strip of mastic with a row of flint 
teeth (Babylon, Khafaje). 

Another interesting use was discovered in Eshnunna where ac- 
cording to Prof. Frankfort: “We found in the woman’s private room 
of the Akkadian palace the raw material for the Akkadian equivalent 
of Victorian beadwork and embroidery, sheets of bitumen (mastic?) 
and shaped pieces of mother-of-pearl with which to inlay them, 
together with some fragments of the finished work, perhaps intended 
for the lid of an ointment jar” (329). 

A remarkable but much later use is recorded by Lucian (330). 
According to him the Roman wax-tablets were sealed with “kollyrion”, 
a mixture of Bruttian pitch, bitumen, quartz powder and natural 
mastic. 

There was another application of bitumen which was far more 
common than is generally thought. The art was apparently understood 
of beating thin metal bands round sculptured cores of bitumen or 
mastic. The metal foil was made by hammering the metal out on flat 
stones and was then moulded round beads of wood or bitumen. This 
is how they made golden horns of the bulls’ heads found in Ur, to 
which we may assign the date of 2500 B.C. (331). The same technique 
is evident in the copper bulls of al Ubaid (332). Copper foil was 
hammered on to a wooden skeleton coated with bitumen. Sometimes, 
too, a cast-metal object was filled with a core of mastic. Such work is 
seen in the early cast-copper objects of Lagash and Tello (333), and the 
same technique was applied in the north (Nineveh) (334). It was even 
done in Egypt apparently; at least Gsrx (335) mentions a bronze 
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Egyptian statue (XIX or XX Dynasty, ca. 1000 B.C.) in the British 
Museum still containing a core of bitumen and sand reinforced by a 
piece of iron. 

Bitumen, in the form of natural asphalt or mastic, played an im- 
portant part in applied art. These two kinds of bitumen were easy to 
handle, and the results obtained by the Sumerian artists with this 
material are to be seen in the Louvre, for instance. It is a striking fact 


Fig. 
Small bitumen basin, Neo-Sumerian period, Susa, second half of third mill. 
(Louvre Cat. No. 224 bis). Ibex as symbol of fecundity and fertility. 


that the sculptural work done by the Sumerians in natural stone in 
the Third Millennium giv! 
in their plastic work with easily managed materials like the bitumen 


s little hint of the artistic talent displayed 


compositions mentioned or the wax core of an object cast in metal. 
This 
very costly on account of its having to come from the mountains far 
away, they could have had but little opportunity of practising their art. 

Prehistoric vases were discovered at Susa cut put of this rock 


s quite comprehensible for, natural stone in Mesopotamia being 


asphalt into a handsome cone shape (Susa I). Another object of great 


antiquity is a votive relief of Entemena, the patesi of Shirpulak. This 
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tablet has been cast in a mould consisting of a synthetic mixture of 
bitumen and loam which has now become as hard as a stone. Similar 
hard mixtures are made even to the present day notably in the shape 
of a ball subsequently fixed to a stick for use as a bludgeon. De Sarzec 
found a similar ball in Kish, attached to a copper tube; probably it 
was used as a flagstaff. 

An asphalt ring of the same date (about 2450 B.C.) was found in 
Ur, it proved on analysis to consist of an artificial mixture of bitumen, 
sand and filler (336). 

Bitumen was used for the shaping of wigs on prehistoric figurines 
at Tell Obeid; a similar statue of Parthian date was found at Babylon. 

Small beads and vases made of rock asphalt were also found in the 


EEE 


Fig. 29. 
Prehistoric Egyptian sickle found in a granary in the Fayum (3000 B.C.) 
Flint teeth set in bitumen, wooden handle. 
(Photo Caton Thompson). 


lake dwellings of Switzerland. In all likelihood Travers asphalt was 
used in these cases. In Roman-British days, and may be even earlier 
tings, armlets, ornaments and parts of furniture were made from the 
Kimmeridge shale of Dorset (336), but their use was local and did 
not form part of British exports. 


6. Bitumens in magic and medicine 
a. Magic 


From the earliest times bitumen seems to have attracted the at- 
tention of those people who sought to remedy the physical and mental 
ills of the human race. Often there was no very clear distinction be- 
tween the medicinal and the supernatural and it is mostly impossible 
to separate them here as physical ills were often attributed to spiritual 
causes. 

Bitumen plays a double, rather contradictory, part in magic. On 
the one hand it is used to keep out evil spirits (kupru) (337); on the 
other, the black substance is regarded as the power of evil (338), and 
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EsIR is the symbol for, or actually is, the substance in which the demon 
Asakku chiefly elects to reside. Bitumen, holds an important place in 
many magic formulae or rites. Images of the persons or objects to be 
bewitched were cut out of bitumen and, after the proper incantations, 
were buried near the victims. In a recently published collection of 
incantations (339) there is mention of casting off a spell caused by an 
image made of bitumen (idda) (ii, 148—159) and casting off a spell 


Fig. 30. 
Torso from Susa, bituminous stone, third mill. B.C. 
(Photo Louvee, Cat. no. 215). 


caused by means of a plastered bitumen image (idda), (ii, 181—205). 
In another text (340) instructions are given to bury an image made of 
bitumen under the victim’s front door after pronouncing the proper 
charm. 

Another rite demands that the effigy of the victim shall be sacrified 
to the fire demon (so, shall be burned). The materials to be used are 
enumerated with great precision, bitumen once again appearing 
frequently. This form of sorcery was very general in classical antiquity. 
For instance, in love enchantments the hay or straw torch or the 
laurel branch used for the spell is ignited with asphalt. 


It was a very common habit in ancient days to coat doorposts with 


bitumen or wood-tar pitch during certain festivals, particularly the 
Anthesteria, with the object of keeping out spirits. 
Bitumen recurs again and again in the magic formulae themselves, 
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and citation of its special qualities is intended to make the formula 
recognizable to the invoked demons. For instance, a witch calls up the 
spirits as follows: Like asphalt and pitch which come out of the depth 
(341); or casts a spell on the victim in the following words: As bitumen 
holds a ship, so I hold you and will not let you go (342). To illustrate 
the evil of witches, it is stated in another text that their spells render 
the victims as powerless as if their mouth and ears were stopped with 
bitumen (343). 

The phenomena observed in the neighbourhood of oil or bitumen 
deposits were put to good use for soothsaying. Examples were quoted 
when we discussed the term naptu. One text (344) runs as follows: 
“If there are agglomerations like petroleum or sesame oil borne hither 
and thither on the surface of the water, musgarru or disease will lay 
hold of the land.” Another says: “If a pit opens in fallow land and 
burning bitumen appears, the land will be destroyed.” (345). Sorcerers 
also augured by the shapes formed when bitumen or crude oil was 
poured out into a basin or beaker of water. One text dealing with this 
form of augury (346) says: “If when I pour naphtha on water it has 
the appearance of asphalt, that means fate, the sick man will die.” 

In Babylonian times mystical characters were painted in gypsum 
and bitumen on the doorpost of a sick person’s room (347). Bitumen 
was supposed to afford protection from the terrible female demon 
Labartu, who was believed to drink the blood of children and animals. 
To ward her off, ointments were prepared from bitumen, earth, lard, 
fish and certain plants and these were applied by rubbing into the skin. 
The recital of certain incantations was supplemented by the burning 
of a bitumen image of the person involved, a practice, surviving up 
to the present day (348). 

Again Aethicus Istricus says in his Cosmography (800 A.D.) that 
armour can be made impenetrable by the method practised by the 
Amazones, of immersing it in a mixture of bitumen and the blood of 
a child. 

Perhaps the connection always made by medieval writers between 
pitch and bitumen and the devils and other dark creatures is a survival 
of a much older tradition contrasting black and white magic and 
assigning to each its specific ingredients. 

Finally, we should not forget the part still played in many of the 
Apollo shrines of classical times by burning natural gases and other 
manifestations observed wherever bitumen is found (349). 

A curious “ethical” use of bitumen was prescribed by the Assyrian 
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law, which decrees, with the cruel characteristics of this people, that 


for certain transgressions hot bitumen is poured over the head of the 
delinquent (350). 


b. Medicine 


Bitumen also holds a prominent place in medicine. We have a few 
prescriptions (351) in which crude oil (1A-KUR-RA) appears, and it is 
even used for anointing (352). But there are far more prescriptions 
for the use of bitumen in solid forms. Thus, mixed with sulphur and 
other substances, it is recommended for fumigation (353) and for the 
treatment of sores on hands or feet (354). Bitumen (idda) fluxed with 
oil is prescribed for inflamed eyes (355). A mixture of beer and bitumen 
is suggested as a cure for some ailments (356). In describing the symp- 
toms of a certain disease it is stated that the body becomes as black as 
bitumen (357). It is stated in one curious text that certain diseases can 
be cured by making the patient stand on bitumen (kupru) (358). 

The Assyrians used bitumen externally on a festering foot or finger. 
The “snakes of asphalt” recovered from the river were used with 
tragacanth on a pledget of red and white wool in menorrhagia. 

In classical antiquity the bitumen found near the Ararat, or, ac- 
cording to some that of the Djebel Djudi (Djudi Dagh) to the south- 
west of Lake Van, was credited with special healing power. Legend 
had it that the Ark had landed there, and that the bitumen collected 
from the rocks there had even greater cleansing power than that which 
had always been attributed to bitumen from all! sources (359). It was 
also made into amulets. 

Pliny’s text will serve to give an impression of the different uses to 
which bitumen was put in pharmaceutical prescriptions (36): “It 
checks bleeding, has resolving power and assists the drawing together 
and healing of wounds. The smell of burning bitumen drives snakes 
away. The Babylonian variety is said to be efficacious in treating 
cataract and leucoma, as well as for leprous spots, lichens and prurigo. 
It is applied also as a liniment for gout. All kinds, however, are useful 
for straightening out eyelashes which inconvenience the eyes. Bitumen, 
rubbed with soda, cures aching teeth, 

Taken in wine it soothes a chronic cough, and relieves shortness of 
breath, If administered in the same way as to those suffering from 
dysentery, it checks diarrhoea. A potion of bitumen and vinegar 
dissipates and removes accumulations of clotted blood, and gives 
relief in cases of lumbago and rheumatism. A poultice with barley 
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flour has special merits and is named after the bitumen which it 
contains. It checks bleeding, promotes the closing wounds, and draws 
served muscles together. For quartan fevers, the prescription is a 
drachm of bitumen and a like weight of mint, triturated with an obol 
of myrh. Burning bitumen leads to the detection of epileptics. The 
smell of a mixture of bitumen, wine, and castoreum dispels congestion 
of the womb, and fumigation with bitumen checks prolapse. Taken 
in wine it hastens menstruation.” 

Bitumen is likewise praised as a panacea by Dioscorides (361), 
Josephus (362), Celsus and Galen; the latter specially referring to the 
properties of “gagates” in this respect. Varro (363) describes the disin- 
fecting properties of bituminous materials and their vapours, which 
he employs to fight various diseases, caused, as he avers, by invisible 
tiny creatures. Virgil recommends its outward use against scabies 
(364); but the Geoponica (365) makes sufferers from diarrhoea swal- 
low it. 

Moreover, then as now, opinion in the profession differed as to the 
efficacy of some medicines, and bitumen was an example of this, Thus 
Philostratus (366) warns against water contaminated with bitumen, 
as otherwise the intestines will stick and close up. Nevertheless, traces 
of bitumen appear to have been found in Roman wine and water 
bottles, although not in Egypt as Neuburger claims. Perhaps it was 
used here as a preservative or to improve the taste, as Pliny claims for 
resin (367). 

Again Aetius of Amida is of opinion that the drinking of bituminous 
water is the best medicine against dropsy (368). 

For use in medicine great claims were made upon the purity of the 
bitumen, and colour, weight, etc. were carefully considered. As a 
curiosity we shall here quote a prescription taken from the Tefrabiblos 
of Aetius of Amida (500 A.D.), according to which a plaster could be 
made against tumours, swelling and gout as follows: “Take 360 
drachms each of terebinth oil, “Stone of Asia”, and of bitumen; then 
120 drachms of calcined soda, calf’s fat, wax, bay leaves, ammonia and 
thyme, pyrites and slaked lime; to this add the ashes of snakes burned 
alive, about 140 drachms and 2 pounds of old oil. 

First heat the oil with the wax, dissolve the bitumen (previously 
triturated) in this, after which add the remaining ingredients.” 


c, Agriculture 


Bitumen was burnt (with sulphur) for fumigation or as incense in 
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Assyrian and later temples. It was also used for fumigation in agri- 
culture, where it was burned under trees or bushes to kill caterpillars 
or other harmful insects. 

It is also recommended for disinfecting nests and cages (369). The 
same collection of recipes for agricultural use contains more pre- 
scriptions involving the use of bitumen. A mixture of bitumen and 
oil is rubbed on to the wounds of trees or it is used to form excellent 
tings of agglutinant round trees to keep the ants away (370). The bi- 
tumen is mixed with the oil by trituration ina mortar or by dissolving it. 

Mixed with various spices, samples are prepared from bitumen for 
cattle plague (371), and if fowls are rubbed with a mixture of bitumen, 
resin and sulphur, they lay bigger eggs (372). 


d. Mummification 


Tt is very generally supposed that bitumen was used in Egypt for 
mummification and embalming of the dead. This, however, is only partly 
true and appears to be due to an incorrect generalised interpretation 
of passages of Diodor and Strabo by such modern writers as Jeep, 
Reutter (373), Tschirsch (374) and Wallis Budge (375). 

Balsams, resins etc. were generally used for mummification. I 
tensive research by Lucas has shown that wood-tar pitch has been 
used since Ptolemaic times (376) and in later work he has not been 
able to cite the use of bitumen; on the contrary, he disproved Reutter’s 
analyses which identified bitumen. Spielmann tried to detect bitumen 
spectrographically, but came to the conclusion that “bitumen and 
resin are present in relatively low percentages, the Egyptians un- 
doubtedly having used wood-tar pitch as a diluent”. One has perhaps 
been tempted to think that bitumen was used because, since the 
Twelfth Dynasty, the mummies have been dark, sometimes black. 
Without proof to the contrary, it must for the time being be regarded 
as certain that bitumen was not used to any appreciable extent before 
the Ptolemaic period, and even then only for second-rate processes of 
mummification. We share Coremans’ opinion that “it is generally 
admitted that bitumens, or like products, were “frequently” used for 
ancient embalming processes. This does not apply to Egypt, where 
resins, almost to.the exclusion of anything else, were used for the 
purpose. It was not until the Ptolemaic period that bituminous ma- 
terials were perhaps “very rarely” used. Only a very marked similarity 
in the appearance of these two groups of substances could have given 
tise to this regrettable confusion” (377). 
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One of the causes was the Egyptian medieval trade in “mamiya”, 
a word which in the Persian language denotes “wax” and in Arabic 
“bitumen”. This word came to be applied to the scrapings obtained 
from mummy linen or extracted from the cavities of the embalmed 
bodies and sold as a drug. 

A passage from the works of Ibn al-Beitar describes the situation 
very clearly: “Mumiya is the name given to the drug just mentioned 
and to the bitumen of Iudaea and to mumia of the tombs as found in 
great quantities in Egypt and which is nothing else but the mixture 
formerly used for embalming the dead, in order that their dead bodies 
might remain in the state in which they were buried and neither decay 
nor change.” This commercial product of widely varying origin and 
composition came to the West in the 12th century being used in paints 
and medical prescriptions, a trade which became virtually extinct in 
the 17th century after having done incalculable damage to valuable 
mummies, and graves, which might have been spared for a more 
scientific and careful excavation (378). 

Thus a word wrongly interpretated to point to the substance in 
the dead body gave rise to confusion, the original Egyptian expression 
for the preserved body “qasiu” or “qas” reveals nothing as regards 
the use of bitumen. The only classical writers referring to the use of 
bitumen. The only classical writers referring to the use of bitumen in 
mummification are Diodor (379) and Strabo (380). Modern research 
on these substances by Lucas (381) and Spielmann (382) leads to the 
conclusion+that bitumen was probably not used generally before the 
Ptolemaic dynasty, though the latter favours its introduction since the 
XXIUnd dynasty. 

As other evidence shows that the bitumen fishery of the Dead Sea 
turned out to be of great importance to Egypt, I cannot support 
Lucas’ conclusion that bitumen was not widely used in the Graeco- 
Roman age. It may have been much more widely used especially in 
the rougher and cheaper forms of embalming, much evidence being 
destroyed later on by the Arabs. It is therefore highly desirable to 
analyse more samples and thus obtain more statistical evidence as to 
the frequency of the use of bitumen, either in a pure form or mixed 
with spices, natron, cedar oil and other materials and especially to find 
out whether it was perhaps connected with the cheaper forms of burial, 
thus perhaps given support to the statements of Strabo and Diodor. 

We have discussed the different Egyptian terms said to denote 
bitumen earlier in this essay, others may still be buried in the Coffin 
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Texts or other funerary documents. However, one of the Rhind 
papyri (383) contains an interesting passage stating that: “Anubis... 
fills the interior of the skull with mrhe Hr, incense, myrrh, cedar oil 
and calves fat.” : 

Mller translates this “mrhe Hr”? by “Syrian asphalt”, This seems 
to be an equivalent for the Coptic “amrehe” which corresponds with 
the Greek asphaltos. Again the Demotic “mrhe Hr” corresponds in 
this bilingual papyrus with the Hieratic “mnnn’” which is stated to 
have come from Phoenicia, Coptos and the elusive Punt. The first 
two places would in fact eminently suit our statement that there is a 
good deal of truth in the classical allusions to bitumen exported to 
Egypt from the Dead Sea. This and further matters on Egyptian 
nomenclature of bituminous materials must, however, be left to more 
competent authorities to decide. 


7. Petroleum and Greek fire in warfare 


Human intelligence, even in the most primitive eras, has always 
been exceedingly fruitful in the invention and improvement of means 
of attack and defense. 

It is, therefore, not unduly surprising that petroleum and similar 
materials, though usually innocuous and even beneficial substances, 
should have been, at an early stage in history, adapted for warfare. 

Probably the earliest and simplest use of bituminous materials for 
military offensive purposes is mentioned in the works of Thucydides, 
where accounts are to be found of the siege of Plataea (384). Fascines 
were piled up against the walls of the city, and ignited by a burning 
mixture of sulphur and pitch. 

Similar tactics, according to Thucydides (385), were also adopted 
at the siege of Delium, a notable addition in this case, however, being 
the use of an airbellows with which to aggravate the conflagration. 
Other primitive methods of utilisation for military purposes of the 
properties possessed by products of petroleum are described by Pliny 
(386), who records that the attack of Lucullus on the city of Samosata 
(Tigranocerta?) was repelled with the assistance of burning “maltha” 
and Philostratus (387), who mentions “an oil that once set afire can 
not be extinguished, and which the Indian King uses to burn walls 
and capture cities.” 

In late Roman military circles, a popular bituminous weapon of a 
rather higher order of invention appears to have been that of an arrow 
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of fire filled with sulphur, resin, asphalt and pitch, and swathed in 
oakum soaked in crude oil (oleam incendiarum). Books on tactics 
like Vegetius (A.D. 400) are full of references of this kind. 

The next step in the martial development of petroleum is the in- 
vention of what became known as “Greek fire”, the use of which in 
varying forms extended of many hundreds of years. According to 
von Lippmann, it has been noticed that if a mixture of petroleum and 
finely devided quicklime was exposed to moisture, the heat generated 
by the contact of the lime and such moisture was sufficient to ignite the 
mixture spontaneously, particularly if it contained light (volatile) oil 
fractions. 

This principle of spontaneous ignition caused by the addition of 
moisture was, according to Theophanes, brought to its highest 
practical application for military purposes by a Greek architect named 
Kallinikos, residing in Byzantium in about 650 A.D. as a fugitive 
from the Arabs of the Syrian town of Heliopolis, and who is claimed 
by Theophanes to be real inventor of “Greek fire” (388). 

But the principle must have been known for many hundreds of 
years. For Livy tells us (389): “The Matrons dressed as Bacchae... 
rushed down to the Tiber with burning torches, plunged them into 
the water and drew them out again, the flame undiminished, as they 
were made of sulphur and pitch mixed with lime.” 

And in 200 A.D., Athenaeus writes of a magician or sorcerer known 
as Xenophon, part of whose stock-in-trade was a self-igniting fire 
(“Pyr automaton”), and in his Kesfoi Africanus (300 A.D.) mentions 
a mixture of natural sulphur, resin, naphtha, salt and quicklime, which, 
by careful mixing and addition of the lime last, and enclosing the 
whole in a bronze vessel to exclude humidity, air and light, would 
ignite spontaneously by the contact with water or dew. The noteworthy 
ingredient of this mixture is the salt, which gave a yellow colour to 
the flame and which was therefore thought to make it hotter. 

Ammian speaks of arrows coated with a similar mixture, which 
ignited and then discharged with moderate velocity, flare up violently 
on coming in contact with water. Procopius mentions the use of a 
like “elaion medikon” in the Italian wars of Justinian. The Greek- 
architect Kallinikos then is said to have provided Byzantium with the 
correct formula for the preparation of a selfigniting mixture of pe- 
troleum fractions and quicklime, and mixtures of this sort made in 
accordance with his recipe were used succesfully on a large scale in 
the Byzantine Fleet. The instrument of projection employed appears 
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to have been Ktebisios’ double acting piston pump, invented as long 
before as 200 B.C. in Alexandria, which instrument was mounted on 
the prow of the warships. From this pump the self-igniting or, some- 
times, ignited mixture was fired at the enemy. The amalgamation of 
new and old, however, enabled the fleet of Constantine Pogonatus 
to inflict a smashing defeat upon the Arabian fleet at Kyzikos (A.D. 
678). In 717 “Greek fire” was instrumental in the hands of Leo II 
(717—741) again in defeating the Arabians, who were compelled by 
its use to raise the siege of Byzantium. Leo III’s hand-book on the 
tactics of warfare contains many explanatory and eulogistic references 
to the use of “Greek fire”, a word of caution being introduced at the 
same time against the danger of accidental explosion and the conse- 
quent necessity for careful handling of the mixture. Both self-ignition 
or deliberate ignition at the mouth of the syphon are mentioned in 
connection with “Greek Fire”. 

It was not long before “Greek Fire” was adapted for use in hand- 
grenades, the self-igniting mixture being hurdled in stone or iron 
jars at the enemy by the Byzantine soldiers or squirted at him by 
means of hand-syringes (“mikroi syphones”). 

The Arabs profited by their unpleasant experiences of “Greek 
Fire” to appreciate its efficacy, and subsequently to learns its compo- 
sition themselves. The earliest mention of its use by an Arabian fleet 
is the naval battle of Rachid at which the Sultan’s well equiped fleet 
of 25 ships was able to defeat the much larger fleet of the Egyptian 
caliph (915 A.D.). Though al-Dschahiz claims that the Ara 
used “Greek Fire” since 600 A.D., more trustworthy authorities like 
Tabari tells us that the Arabian trading vessels in the Indian Ocean 
had men familiar with the use of “Greek Fire” on board to protect 
themselves against pirates. 

By the Arabians the use of “Greek Fire” is extended to the Chinese, 
who employed it effectively since the eighth century on their merchant 
ships against the marauding Malay and Arabian pirates. 

The Greeks themselves constantly profited of the weapon which 
bore their name. When Igor’s Russian Fleet, consisting of no less 
than 1000 small ships, threatened Byzantium many of them were 
burned, and the. remainder driven back by a Byzantine squadron of 
a mere 15 vessels. A frank and ingenious admission of defeat was made 
by the Russian fleet on its return home (A.D. 941), the report of the 
commander stating that “the Greeks have a fire ressembling the 
lightning of heaven and when they threw it at us, they burned us; for 
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this reason we could not overcome them”. “Greek Fire”, often called 
“pir thalassion” or “oleum incendiarium”, played such an important 
part in Byzantine politics, that Gibbon has very aptly described it as 
the “Palladium of the Byzantine State”. The Emperor Constantine VII 
Porphyrogenitus (922--959 A.D.) devotes a special chapter to it in 
his manual on statecraft. He claims divine origin for the receipt and 
urges that its composition should be kept a secret known only to the 
emperor and a few confidants. In the same book he gives evasive 
answers for those who might be pressed to reveal the secret. 

This policy was indeed successful for a long time and the secret 
was not known in the West until very much later documents such as 
the Mappae Claviculae (820 A.D.) mention only fire rockets or arrows 
from Byzantine sources, but cannot give the formula for “Greek 
Fire”. But the Crusades help to spread the knowledge of it and we 
find its use recorded in the Gesta Dei at the Siege of Jerusalem. In 1139, 
an event took place in Western Europe which serves to illustrate the 
ideas of warfare as developed by Western chivalry. A decision was 
made by the Second Lateran Council that no machines, “Greek Fire”, 
or similar weapons should be used in Europe against human beings, 
on account of their being too murderous, a decision, which was in 
fact, respected for several centuries; a sad commentary on the atavism 
of modern warfare. 

The prevalence of the use of “Greek Fire” crops up frequently in 
the records of the Crusades (Cinnamus, Jean de Vitry) and its potency, 
even after the expiration of so many years from its invention, is 
completely confirmed by crusaders’ chronicles such as that of the 
Joinville, who accompanied Louis IX on his unfortunate sixth Crusade 
to Damiette (1248). He states that “every man touched by it believed 
himself lost, every ship attacked devoured by flames.” 

In 1300 it appears that the secret was known in Europe for a formula 
for the preparation of “Greek Fire” was included by Marcus Graecus 
in his treaties on “Weapons for the burning of armies”; the cold 
barbarism of which title it would be difficult to surpass. He also 
mentions “liquid fires” consisting of ignited petroleum or resin des- 
tillates squirted on to the enemy. The Mongols were also not slow in 
making use of this refinement of warfare, and Hulagu Khan, a pre- 
decessor of the notorius Kublai Khan, arranged in 1253 for a special 
corps of 1000 men to be brought from Asia Minor to Turkestan and 
China. This army corps consisted of men specially trained in the use 
of catapults, grenades and burning naphtha. 
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The credit for the invention of the best defensive methods against 
this form of attack appears to have been earned by the Chinese, who 
learned to protect the roofs of their dwellings with roof-mats of a 
mixture of rice-straw and grass, coated with clay (1273). 

An Arabian book on the art of war (1300) contains the description 
of a catapult for the projection of jars of burning naphtha, and the ad- 
vantages of the creation of a special army division of “lingers of naphtha 
and melting pots” were expounded to such good effect that, according 
to Ibn Khaldun, the Caliphs adopted the idea and formed a special 
corps “naffatyn” or “naphtha fire-workers”, who were equipped for 
the more safe execution of their duties with clothes of some fire-proof 
material (perhaps asbestos), which enabled them to enter the burning 
city of the enemy. It was not until as late as 1400 that “Greek Fire” 
began to be rapidly superseded by gunpowder, but already a hundred 
years later itis used in magicians’ tricks only, and the last one mentioning 
it is the French alchemist Blaise de Vigniéres (1550) after whose time 
this weapon which had served so many different peoples for such a 
long period has fallen into desuetude. 

Finally, bitumen was put to curious use in warfare. Bitumen or 
mastic had long been used for the making of primitive bludgeons or 
dagger-hafts, as it still is by the Arabs in Northern Syria. During the 
excavations of Dura Europas, which was besieged and laid in ruins in 
265 A.D. by the Persian king Sapor, corridors were found under the 
old walls (390). After the passages had been dug, the stays were burned 
with burning faggots, straw, bitumen and sulphur so that the collapse 
of the passages should make a breach in the wall. Hero of Byzantium 
stated that wood soaked in bitumen or crude oil was used to set fire 
to the stays, and the discovery of jars of bitumen bears him out. 
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THE ORIGIN OF ALCHEMY 


The furnace proveth the potter’s vessels 
so the trial of man is in his reasoning. 
Eccles. XXVU.5 


INTRODUCTION 


The evolution of chemistry, though still shrouded in mystery, is 
a problem that should intrigue every student of the history of science 
for it presents us with the unique opportunity of studying the birth 
of a new science. Where the origins of mathematics and astronomy are 
forever veiled in darkness, because we are unable to study the world 
of the spirit in prehistory, chemistry arose in historical times. 

This involves a review of our attitude towards alchemy. The con- 
tempt with which former generations treated alchemy was both unfair 
and unjustified. As more evidence was recovered concerning the back- 
ground and the evolution of alchemy we were able to judge the Art 
more objectively. We now realize that those who strove to attain know- 
ledge of the Absolute by means of the Philosopher’s Stone were no 
less scientists that we who look for the truth behind the phenomena of 
the physical world in our mathematical logical way. 

Alchemy can in truth be called a science, for though its structure 
is not mathematical it describes, classifies and draws conclusions from 
analogies. It combines both theoretical speculation and empirical 
techniques, the latter factor occuring much more frequently in alchemy 
than in any other ancient field of science. Nor does it differ profoundly 
from modern chemistry in its aims. It propounds theories about the 
elements and their combination in the different artificial and natural 
compounds, it discusses the changes which these elements undergo, 
the changes which reacting compounds undergo and it collects empiric- 
al facts of the technology of such compounds. It certainly differs from 
chemistry in method and in the fact that it applies philosophical and 
religious tenets to a field of natural science. We may in fact describe 
alchemy as the early, qualitative phase of chemistry. 
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ORIGIN OF THE WORD ALCHEMY 


Most textbooks will agree that alchemy was born in Egypt and this 
is in agreement with Greek tradition which ascribed in hoary age and 
superhuman wisdom to everything Egyptian. Certainly the oldest 
documents on alchemy show us an Egyptian school of alchemists 
flourishing in the shadows of the great Academy of Alexandria in 
Hellenistic times from the first century A.D. onwards. They seem to 
have derived the impulse for their researches from Bolos of Mendes, 
the Neo-Pythagorean who flourished in the second century B.C. in 
Alexandria. 

The term alchemy, derived from the Arabic “al-kimiya”, goes back 

to a late Greek word “chemia” or “chymeia”. The old theory derived 
this word from the ancient Egyptian “km.t.”, that is “black”, which 
would make it the “Black Art” called after the black soil of Egypt, 
where chemistry was said to have been born. 
Suill if we analyse such data closer they soon prove to be very de- 
ceptive. Thus is it true that the Egyptians called their country km.t, 
that is “the black land”. By this term they tried to express the contrast 
between the black arable soil of the Nile-valley and the red barren desert 
sand (dér.t). But even the Coptic “keme” is never connected with “the 
black art” or alchemy in any text. Hence Diels’ derivation of the word 
alchemy from the Greek “chyma” that is “casting” seems more plausi- 
ble. Plutarch (ca. 80 A.D.) mentions “chémia” once. 

Zosimos refers to a Book of Chemes or Chemen (300 A.D.) and later 
Syriac versions of Zosimos’ writings refer to it as “Khumu” or “Khu- 
mia”. This suggests some connection with the mysterious dwarfs of 
ancient metallurgy, the “chnumu” of Egyptian tradition. And indeed 
“chemia” is now usually derived from “chyma” that is “the casting” of 
an ingot of metal, from the verb “cheo”, to pour or to cast. Hence the 
terms “chymeutes” (metalworkers) and “chymeutikos” (metallurgical) 
used by Zosimos. There seems some connection between the shift in 
meaning and that in spelling, for when Suidas writes “chémia” in the 
tenth century he no longer refers to metallurgical art but his term em- 
bodies specifically the artificial preparation of silver and gold. 

Lately Hermann has argued very plausibly that the “Book Chemeu” 
of Zosimos might be the very old “Book kmj.t” often quoted by 
Egyptian scribes from 2000 B.C. onwards and evidently mistaken by 
Zosimos for the “Satire of the Trades” in which the lot of the smith 
and other craftsmen is discussed and compared with that of the scribe. 
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Etymologically there would be no difficulty in deriving “chemeu” 
from “kmj.t”. Zosimos and later alchemists have linked “chemeu” 
with “chyma” by using the word “chymeutes” (e.g. founders of metal) 
for chemists. Of late Mahdihassan has proposed a Sino-Indian origin 
of the word, but this seems a very early penetration of Greek alchemy 
by Oriental influences which no doubt affected it later. 


‘THE INFLUENCE OF PRECLASSICAL CHEMICAL TECHNOLOGY 


Alchemy, and therefore chemistry too, was the last enduring field 
of science to emerge from that seething melting pot we call Hellenism. 
This clash of the civilisation of the Greeks and that of the Ancient 
Near East contains all the elements that were to build up alchemy, 
beliefs and notions belonging to: 

1, The philosophy and technology of the Ancient Near East; 

2. The philosophy and the science of the Greeks; 

3. The philosophical tenets of the Iranian and Indian civilisations. 


If we first turn to the ancient Near East, it is obvious that the ancient 
empires of Egypt and Mesopotamia were politically on the down-grade 
at the period of Alexander’s conquests. Persia was definitely in the 
ascendency. Still the spade has uncovered sufficient evidence to prove 
how wide and detailed the technological knowledge of the craftsmen 
of the Ancient Near East already was and remained, The classical world 
had but few important discoveries to add to metallurgy, dyeing, the 
manufacture of glass and glazes and similar fields. The detailed study 
of such crafts reveals many points which are later quoted as charac- 
teristic of alchemy. 

. It is often little realised that the ancient empires of the Near East 
arose from an “Urban Revolution” which does not yield in importance 
to the “Industrial Revolution” of the eighteenth century A.D. (1). 

This Urban Revolution brought plough agriculture and irrigation, 
the wheel, the ship, metallurgy of gold, silver, copper and bronze, 
textiles, and writing, that is the basic crafts of modern technology. 
The later classical world had very little to add to these early achieve- 
ments already in common use by 3000 B.C. The story of this urban 
civilisation which could support the craftsmen with the surplus harvests 
of the peasants demonstrates a growing importance and specialisation 
of these craftsmen (2). 

The texts of ancient Egypt recovered and published upto now con- 
tain very little technological material, though here and there a fragment 
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sheds some light on this gradual growth of skill and knowledge. On 
the other hand our material form Mesopotamia is much more abundant 
and the texts from Sumerian upto Neo-Babylonian times illustrate the 
accumulation of knowledge on minerals, natural products, animals 
and plants. Both in Egypt and in Mesopotamia the accumulated ex- 
perience of the craftsmen and their guilds was incorporated in the 
body of knowledge which in both countries is often cast in the form of 
onomastica, that is in lists of objects thought to be related and classified 
according to external characteristics, some of which we would call 
chemical tests now (3). 

The peculiar structure of the Sumerian language invites a nomen- 
clature which adds to the root (the name of the supposed species) a 
suffix giving certain characteristics to denote the individual member 
of the species. These suffixes deal with the outer form (1Gt = eyestone; 
NUNUZ = egg-stone; TAG.GAZ = cut stone), colour (GIN = blue; GuG, 
Hus = red; st; = yellow), hardness (AS = hard), effervescence by acid 
(za. TU), or type of application. The “fire test” seems to have been applied 
widely and sublimates were known and recovered. This very efficient 
Sumerian nomenclature led to a classification, which was retained by 
the later Accadians (Assyrians and Babylonians). An example of the 
possibilities of this nomenclature as applied to the different forms of 
bitumen then known is given in Table VII. 


TABLE VIII 


Sumerian nomenclature of bituminous substances 


ESIR general for bitumen, crude oil, petroleum 
ESIR.LAH white“ crude lake-asphalt 

ESIR.IGI shining“ ("eye") bitumen, asphaltite 
ESIR.HURSAG mountain“, rock-asphalt 

ESIR.UD.DA ”dry“ refined bitumen 

ESIR.E.A. *house“ bitumen, mastic 


This very clear characterisation of minerals and natural materials 
has enabled R. Campbell Thompson (4) and others to identify many 
of them. 

This codification of technical experimental knowledge, however, 
is not the whole picture of ancient technology. Thus a vast amount 
of experimental data were collected in the ages before alchemy. Fa- 
miliar household, metallurgical and other terms came to be used indis- 
criminately to denote certain chemical and technological operations. 
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Indeed ,most of these terms like those for the apparatus have originally 
been borrowed from the ktchen and cooking. Like in later alchemical 
texts we find terms such as “cooking” (baélu), “leaching” or “washing” 
(misd) and “roasting” (kala) being applied to similar operations in 
different crafts. Nor does this similarity with later alchemical texts 
stop there. 

We have several texts that prove the incidental use of a secret 
language. Thus a recipe for the manufacture of glass dating back to 
the XVIIth century B.C. uses “ert (up-1v): eagle” for “éra: copper”. 
In other texts crude sulphur is called “kibrit ilu nari: bank of the river”. 
Often a kind of craft-jargon is used, abbreviations occur or Sumerian 
values are used for the Accadian terms not only in technological texts, 
but also in those of the astronomers and physicians. In medical texts 
such cryptograms as “lion fat, human fat” for “opium and “blood of 
a black snake” for “castor oil” are quite common. 

We also have many records of efforts to produce synthetic products. 
Recipes for the manufacture of synthetic lapis lazuli, the “uknu” or 
blue copper frit so dear to the Assyrians are frequent. Then we also 
find tablets giving recipes for synthetic copper (K 6246 + 8157 Rs 17; 
K. 4290 + 9492 + 9477 Rs ff.) and synthetic silver K. 7942 + 8167, 
16,22). Meissner (5) believes that recipes for synthetic gold are still 
hidden amongst the vast mass of unpublished cuneiform tablets. 

The archaeologists have found many artificial alloys and Meissner’s 
supposition is not al all fantastic. We must not forget that the art of 
assaying gold and such native alloys as electrum by the “fining pot” 
(cupellation) was known as early as 1500 B.C. The touchstone is cer- 
tainly in use by 600 B.C. Thus the ancients possessed a vast lore of 
properties of metals and alloys, methods to refine and test them and 
they synthezised some of them as is proved both by texts and by ar- 
chaeological finds. 

The reasons for this manufacture of alloys apart for their technical 
merits can be partly found in the aesthetic pleasures which they seem 
to have derived from the proper combinations of coloured alloys in 
their works of art, We have recovered examples of inlaywork, metal 
work of all kinds using natural and synthetic alloys combining their 
colours artistically. Thus the colours of the gold applied by the Egyp- 
tians ranges from bright yellow, grey, various shades of red, reddish- 
brown, brick colour to dull-purple plum colour and a peculiar rose- 
pink. Most of these colours are fortitious and due to natural admixtures 
of varying quantities of silver, copper and iron or to oxidation layers 
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of these baser metals. However, in certain cases this staining is caused 
by organic matter. The peculiar rose-pink proved to be a heat-resisting 
translucent coat of oxide of iron. It proved to have been formed by 
dipping the object in an iron salt solution and heating it (6). 

This process was in use many centuries before the oldest written 
recipes for tinting metals. Old Accadian texts describe methods for 
staining minerals and stones by cooking them in solutions or embedded 
in chemicals to obtain fake gems. 

The importance of colour to the ancients is manifest from the ancient 
syllabaries. Thus the 16 Accadian terms for gold embrace no less than 
nine that refer to a peculiar colour or shade (Table IX). This colour 
was not only important for the artistic effect to which it was put, it had 
magical meaning as well. Here we touch a most important aspect of 
ancient technology. In Antiquity scientific and experimental knowledge 
is never collected as a body of data from which conclusions are drawn 
like from the modern body of chemical data. Religion, philosophy and 
science were still one. Then every bit of chemical knowledge meant 
deeper knowledge of the Cosmos as a whole, another knot of the “Net 
of the World”, another secret helping to understand the Order of 
Creation and may be to master Nature (3). The name like any word 
could mean power. Hence the element of secrecy and initiation gradu- 
ally creeping into the body of texts. Warnings such as “Let him that 
knoweth show him that knoweth, but he that knoweth shall not show 
him that knoweth not!” are found in VIIth century medical texts, but 
they occur on tablets on glass technology of the Kassite period too, 
that is over ten centuries earlier. Also there is that insistence on correct 
copying which springs from the magical potency allotted to the written 
word. Any inaccurate writing-out was considered heinous. 

Many other elements of later alchemy can be found in these early texts. 
The ancient onomastica and recipes recognize “male” and “female” 
forms of the same mineral or chemical. The “male” form is usually the 
harder or darker modification or it is characterized by some peculiar 
“male” structure. This curious way of ascribing sex to the inorganic 
world is typical of pre-classical philosophy. Early metallurgy is perhaps 
the best example of this philosophy. Metals like the earth from which 
they spring were believed to be subject to the cosmic laws of birth, 
growth and death. Death and ressurection were their fate and the smith 
working these “stones charged with mana” performed a rite full of 
secret dangers. As he conjured the metal out of its ore with the help 
of the fire-god, his patron, he interfered with the harmonious growth 
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of the metals in the womb of their mother, the Earth. Perhaps the sa- 
crifice of an embryo when building a furnace is an expiatory offering. 
By giving one life for another the smith avoided the revenge of the 
Earth-goddess. Or should we see in this rite a means of “charging” 
the metal with the budding life of the embryo? We have similar texts 
relating of the offering of sacrifice to embryos by Assyrian glassmakers 
in the hope that these incomplete beings might assist him during his 
experiments. It is clear that this belief in the growth of metals is basic 
for the later alchemical doctrine of the natural perfection of the base 
metals which gradually turns them into gold. Like the ancient smith 
the alchemist merely hastens a natural process. 

An old Sumerian hymn compares the change of light into darkness 
with that of gypsum (gassu, IM.PAR) into bitumen (iddu, Estr) (Lang- 
don, Sum. Lit., 339) and words like “salmu” (night) and “pist” (day) 
are often used for black and white. We also find metals being connected 
with gods or stars more particularly in Neo-Babylonian (Chaldaean) 
times. Silver is called the metal of Marduk, gold that of EN.ME.SAR.RA, 
and copper that of Ea (Langdon, PBS, Vol. X, No. 4, 337). A tablet 
from the British Museum (C.T. 24.49. 3b, K 4349) allots silver, gold, 
copper and tin to Anu, Enlil, Ea and Nin-a-mal. Again we possess 
tablets connecting gods, metals, plants and stars (VAT 9874 : K. 11151). 
The correlation between gods and stars is already quite common and 
thus gradually the “universal sympathy” principle of the later alchemists 
grows. 

Hence the ancient technologists and craftsmen had an extensive 
knowledge of ores and metallurgy, the preservation of food and the 
preparation of fermented drinks, cosmetics and perfumes, glass and 
glazes, pharmaceutical and medical preparations, colours and dyes. 
Their lore already contains disconnected elements which are later 
characteristic of alchemy, being by then moulded into a consistent 
theory of the structure and changes of matter. 


GREEK AND IRANIAN CONTRIBUTIONS TO ALCHEMY 


On this well-experienced technology tinged with phrases and sym- 
bols of the magical world, in which it was born, the clear-cut rational 
mind of the Greeks impinged even before the tidal wave of their civili- 
sation covered the Near East in the wake of the conquests of Alexander. 
There is no doubt that certain principles of alchemy were latent in 
Greek philosophy, even in its loftiest exponents, Plato and Aristotle. 
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Alchemy recognizes a primary matter, a substratum without quali- 
ties, onto which such qualities could be transplanted and thus create 
the diversity of materials. This theory could be derived very easily 
from Anaximander’s apeiron or from the ekmageion (plastic matter) 
described by Plato (Tiaios, 50 C-E) which he himself compares to 
the odourless substratum of the balsam-cookers (unguentarii) or the 
potter’s clay. Aristotle’s materia prima is nor strictly speaking a real 
substance, but in the hands of the Stoic philosophers it readily obtained 
the more materialistic character of the arché of the pre-Socratic philoso- 
phers. Again the Stoics slowly transformed the Aristotelean qualities 
too into something materialistic that could be added to or substracted 
from the materia prima. Thus one of the basic alchemical tenets lay 
ready for formulation. 

The transmutation theory could have been derived from Greek 
philosophy and its theory of the four elements that build up the world 
alone, but the germs lay ready in the Near East too, Then there was 
the trend to think in pairs of contraries so dear to Greek philosophers, 
which may have been borrowed quite early by Pythagoras from the 
East, but which was later absorbed by Greek thought as was the theory 
of cosmic sympathy which bound the macrocosm to the microcosm. 
The strong bonds between microcosm and macrocosm, the “so above, 
so below” plays a large part in alchemy. 

Finally we must remember that though we always speak of the ma- 
thematical and logical structure of Greek philosophy as contrasted 
with that of the Near East, there was a strong animism at the bottom 
of Greek thought if we except the atomists like Democritus and Epi- 
curus. Even Aristotle had to people his macrocosm with immaterial 
forces which closely ressembled the Platonic mechanism of heaven. 
This animation of the physical world belonged to the earliest strata of 
Greek thought and it came to the fore again as the Stoic philosophers 
started to blend thought with the magical world of the Ancient Near 
East. 

A third stream of thought originated in Iran and was propagated 
by the Magi and later the Mazdians, the followers of Zoroaster. Its 
strong dualism presented this world as a clash between good and evil, 
between the world of the spirit and that of the flesh, and left man to 
choose his side. Purification and redemption were possible with the 
helps of the priests. In its wake came the belief in the possible apotheosis 
of man and the coming of a redeemer who would liberate the world 
from its throes. The tenets of the Magi showed a tendency to syncretism 
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or absorption of foreign faiths and elements as they pushed westwards. 

In order to assess the effect of Iranian (and may be Indian) philosophy 
on the Near Eastern body of knowledge we may pause for one moment 
to summarize the present views on the origin of astrology, a science 
so closely related to alchemy that we can hardly point out an alchemist 
who is not a believer in astrology at the same time. This is due to a very 
large overlapping of the basic tenets on which astrology and alchemy 
are built. Astrologers prophesying from celestial phenomena either 
the fate of the land or that of the king (wars, harvests, etc.) were com- 
mon enough in early times, their art belongs to the class of mantics 
like hepatoscopy and other forms of omina. But the new horoscopical 
astrology was based on the mathematical calculation of celestial con- 
juctions and positions. It also required a standardized zodiac of twelve 
signs of equal length and came to birth in the sixth and fifth century B.C. 
Only then were Mesopotamian mathematics and astronomy ready for 
this task. Side by side with the older omen-astrology it continued its 
course until through the centuries the horoscope-astrology prophesying 
personal fate from the positions of the planets and stars at birth or 
conception won out (8). 

This new astrology, the birth of which we can establish from dated 
cuneiform tablets containing horoscopes, is based in the following 
philosophical tenets: 


a) The harmony between macrocosm and microcosm; 

b) The descent of the soul through a star to the body and its return 
to heaven through the same star, a belief of Avestan origin; 

c) The worship of zodiacal signs. 

d) Solar theology, as contrasted with the older Moon theology of 
Mesopotamia; 

e) Number mystics, later so dear to the Pythagoreans and Gnostics. 


The astrologers believed that through the study of numbers and 
of the Universe man could become divine and immortal. Initiation 
quickly becomes typical of these “mathematicians” as they are called 
in later Antiquity. : 

We need not go into details of early horoscopical astrology but we 
can see from their doctrine how closely related the atmosphere in 
which astrology grew up was to that which we find in alchemy. Would 
it be too bold to believe that alchemy too, like astrology had its origin 
in that seething period of the sixth and fifth century B.C. when the 
basic elements of Hellenism arise to flower when Alexander’s conquest 
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and pacification of the Near East has created the political situation so 
favourable to the universal spread of these beliefs? 


THE INCUBATION PERIOD OF ALCHEMY 


This “incubation period” of astrology, which we believe to be that 
of alchemy too, is characterized by the penetration of the Greeks into 
Mesopotamian world, politically dominated by the Persians. Cnidian 
physicians serve at the court of the Persian King of Kings. Thus 
Ktesias, who was doctor to Artaxerxes II, met Plato about 367, before 
the latter left for Sicily for the second time. Greek architects and scien- 
tists travelled and worked in the Near East and brought back new data 
and strange beliefs to Greece (9). In truth the period of Persian domi- 
nation of the Chaldeans and the rest of the Near East started the in- 
timate contact and exchange of ideas between Greece, Iran and Baby- 
onia. Accadian words are absorbed into the Greek language along 
with the material objects such as plants which they denote. This body 
of knowledge was still growing and hardly systematised as it will be 
ater on by generations of Greeks at the universities of the Hellenistic 
world. Through these Greek authors the vague and fluctuating theories 
of these pre-Hellenistic centuries find their systematic treatment in the 
earliest Hellenistic books on astrology and alchemy. Plato has formu- 
ated this so well in his /:pinamis’ “What the Greeks may have taken from 
the Barbarians they have always carried to higher perfection.“ 

At the same time the Babylonian world even before the fall of Baby- 
on (538 B.C.) is penetrated from the East. The Magi, the exponents of 
Zoroaster and the Avesta, bring to Mesopotamia the Iranian dualistic 
philosophy of the struggle between the great powers of Good and Evil 
in which man has to choose his side and fight. The Magi were the intel- 
ectual leaders, who carried their dualism, their theory of the harmony 
between macrocosm and microcosm and their belief in the innate pow- 
ers of ran to reach perfection by gnosis, for beyond the pales of the 
Persian Empire . Though they are often dubbed Chaldaeans in later 
Hellenistic literature their great influence is clear from such writings 
as the “peri Magon” written by Hermippos of Alexandria about 200 
B.C. From many sources we know that the Magi had penetrated as far 
as Lydia by the fourth century. By then their influence in Babylonia 
was so firmly established and mingled with the more ancient Accadian 
doctrines that it is impossible to disentangle them. Not only Greeks 
like Kallisthenes bring back scientific data and theories from Meso- 
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potamia but Chaldaeans reach Greece and teach there. Socrates’ death 
was predicted by a Syrian sage and Euripides’ fate cast by a Chaldaean. 
Pythagoras is said to have been taught by “Zaratas the Chaldaean” in 
which the Semitized form of the name of Zoroaster is typical for the 
interpenetration of culture then going on in Mesopotamia. 

The old scientific centres of Mesopotamia, Babylon (and Borsippa), 
Assur, Kalah, Niniveh and Uruk absorbed many Persian beliefs during 
Neo-Babylonian times. This amalgamation went on through Seleucid 
time upto the beginning of our era (10). 

Though generally writing their scientific documents in imperfect 
Sumerian and Accadian, these scientists and priests spoke Aramaic and 
even Greek, another proof of the syncretic character of this period (11). 

Its results crystallised in the Greek writings of the early Hellenistic 
period. Then the great Hellenistic centers like Pergamom, Antiochia 
and above all Alexandria tended to attract the leading personalities 
and schools. This may be the explanation why the earliest alchemical 
and astrological documents (many of which we know by name only) 
originated in Alexandria. We have definite proof that astrology (and 
probably alchemy too) did originate in Mesopotamia and not in Egypt, 
which country was its traditional home, but where the direct links 
with the past are lacking. 

Just as astrology was shaped in this period it seems that alchemy 
as the transmutation of natural bodies, more especially metals, first 
took shape in these regions, where the Armenian mountains housed 
a very old metallurgy which already believed in the natural growth 
and evolution of metals from “base” lead to “perfect” gold. 

In the troubled Seleucid era some of the five Babylonian centres 
somehow managed to survive, but they declined and were extinguished 
in the Parthian wars. Their scientific activities were partly continued 
in Western Mesopotamia where centres like Nisibin, Edessa and Har- 
ran (Carrhae) flourished right up to the Arab period. The Sabi’ans of 
Harran were branded as “star worshippers” and “Chaldaeans” by the 
young Arab civilisation and their activities were only ended by the 
Mongols in the thirteenth century A.D, 
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The interchange of ideas started in Chaldaean times was certainly 
accelerated when Alexander the Great conquering the Persian Empire 
began to weld the Greek world and the Near East into a new unit. 
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Even if he failed to attain his end because of his untimely death, there 
is no doubt that Hellenism was a melting-pot of cultures. Iranian, 
Chaldaean and Egyptian tenets and beliefs were grafted onto Platonic 
and other Greek philosophies to form Neo-Pythagorism, Neo-Pla- 
tonism and like schools, repeopling the world with the old gods and 
powers, knowledge of whom could be obtained by initiation and study 
or revelation, These schools showed a strong tendency towards syn- 
cretism and in the first centuries of our era had absorbed so many ele- 
ments from each other that they can hardly be distinguished. Gnosis 
with its strong amalgamating tendencies and its elasticity of belief was 
the serious enemy of the young emerging Christian faith. Its blend of 
quasi-rational and mystical doctrines tended to offer an easy explanation 
and mastery of the problems of the world. 

It was logical that these activities would gravitate towards the great 
centres of Hellenistic civilisation such as Alexandria, Antiochia and 
Pergamom. Of these Alexandria was far the most important, being 
the great centre of the trade between the Mediterranean, India and 
the Far East. Whilst the other Hellenistic Empires were frequently 
disturbed by wars between the successors of Alexander, Egypt gener- 
ally enjoyed long stretches of peace so important to the development 
ot science, which was moreover furthered by the foundation and liberal 
endowment of the Academy by the Ptolemies. The institution com- 
parable to the Royal Society or the Académie des Sciences was the 
centre of Greek science during Hellenism and naturally Alexandria 
attracted other less academic branches of science. If therefore we find 
the earliest records of alchemy in Alexandria, this does not prove their 
traditional Egyptian origin, but simply that they found there in an 
international city the proper conditions for peaceful development so 
stimulating to science. 

Therefore after its incubation period in Mesopotamia, alchemy with 
other theories came to Alexandria, the great pooling centre of the 
Hellenistic sciences, where it was crystallised into a clear-cut doctrine 
by the logically-minded Greeks. This codification period starts with the 
Physika of Bolos Democritos of Mendes (200 B.C.) (12), a Neo-Pytha- 
gorean. Wellmann has pointed out that we still find the traces of this 
original work in the Codex Marcianus and he has demonstrated that 
Bolos’ treatise was composed of four books dealing with the making 
of gold, the making of silver, the making of gems and the manufacture 
of purple. Bolos takes his data and philosophy from Egyptian, Jewish, 
Babylonian and Persian sources. Thus Ostanes the Magus becomes the 
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teacher of Democritos in the art of alchemy. This is quite in line with 
the traditional stories about Ostanes whom king Xerxes sends to Egypt 
to teach the Egyptian priests alchemy. His methods are clearly Baby- 
lonian, he changes “bodies” by embedding them in chemicals which 
are then to penetrate the body by prolonged heating of the mass 
(cementation). The traditional Egyptian method seems to have been 
the “projection” (by sublimation, etc.) of chemicals onto the body to 
be changed, which may first be conditioned by “roasting” (13). 
Stapleton has recently argued that the Treatise of Agathodaimon may be 
the oldest alchemical document we possess. It seems to have been 
written in Seleucid times (4th-1st cy. B.C.) in Northern Mesopotamia, 
may be in Harran, the old city of the Moon-god Sin and lays down 
that the Stone should only be prepared from mineral substances, 
showing great knowledge of metallurgy and geology. This attractive 
hypothesis should be further investigated (14). 

Bolos also uses the accumulated experimental data of the ancient 
technologists, who seem to have compiled textbooks on alloying 
metals, faking precious metals and gems, dyeing (Baphika) and similar 
technological operations. It is still widely believed that the Papyrus 
Leidensis X and the Papyrus Holmiensis are such technological hand- 
books, though in a rather mutilated form. However both Pfister (15) 
and Reinking (16), whose excellent book was unfortunately never 
carried beyond the proof-stage, have proved that these two papyri can 
never have represented real textbooks or collections of recipes for dyers 
and metallurgists, as in this form the recipes can not yield any practical 
results. We actually have a Coptic mss. dealing with the practical dyeing 
of textiles which dates from the VII[th or VIIIth century A.D. (Berl. 
Pap. 8316) but which has a format very similar to the Papyrus Hol- 
miensis. Hence it was possible for Reinking to reconstruct the original 
dyeing recipes which are reproduced in a mutilated form in the Leiden 
and Stockholm papyri. 

It may be true that there were original Egyptian documents dealing 
with the manufacture of mock jewelry and precious stones. Still it 
should be remembered that before Alexandria manufactured such 
cheap jewelry, Syria and Phoenicia had specialized already for centuries 
in their manufacture from alloys and glass and had also produced sub- 
stitutes for the expensive Tyrian purple. The two papyrti were certainly 
written in Egypt, for instance the word “argyros” (silver) is given as 
“asemon” (Egyptian d3m for elektron). But they are no longer technica 
manuals on colouring metals and textiles. Already Bolos and the all 
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chemists, keenly interested as they were in the changes of matter, had 
studied the colouring of metals and textiles and had used the infor- 
mation from practical dyers of textiles and their terminology to describe 
the tinging of metals and stones. Terms originally denoting the de- 
greasing, mordanting (stypsis) and dyeing (baphé) of textiles are now 
applied to the apparent change of form of metals. Thus they call the 
transmutation into silver baphé and that into gold katabaphé (super- 
dyeing). Other terms like varnishing, bronzing and waxing are derived 
from ancient recipes for colouring metals. They therefore made extracts 
from the technological handbooks and the recipes of the craftsmen of 
their period and produced series of experiments which might allow 
them to study and understand this transmutation. In these alchemical 
treatises of which the two papyri form part many of the practical recipes 
are reproduced only partly. New terms or cryptograms have been intro- 
duced to denote the perfectly innocuous chemicals of the dyers and 
metallurgists. Their aim is no longer a practical one but the study of 
the transmutation of matter, a philosophical one. The colour change, 
which to these alchemists seems the proof of this transmutation, is 
effected by dyeing, by varnishing and alloying and quantatively con- 
trolled in some cases by the increase of weight. 

Colour had from the beginning been one of the most obvious means 
for the craftsmen to identify ores, metals and other materials, They 
identified the material by and with the colour, for the colour did not 
only indicate their nature. Colour had a magical meaning, not only 
were properties ascribed to metals and stones because of the colour, 
but certain colours were prescribed for magical figures and effects. 
Coloured circles play a part in the mantics of the “very insignificant 
sect called the Ophites” (Origen). The Anglo-Saxon Leech Book of 
Balt and Cild (X) and later books on magic simply continue the classical 
traditions of Alexander of Tralles and Pliny and prepare the way for 
such books as the Sworn Book of Honorius. 

In the earliest alchemical texts the colour must have had both a 
magical and a practical meaning. For the colour did not only indicate 
the appearance but also the inner nature of the metal or compound. 
Transmutation was achieved in different steps. The first step began 
with an “earth”, with some unidentifiable solid or am alloy or base 
metal such as lead, “tetrasomy” (lead, tin, copper and iron) or “metal 
of magnesia”. On to this “body” the qualities of liquidity (“water”) or 
fusibility, brilliancy (“air”) and “fire” had to be imposed. Hence the 
original metal or material had often to be broken down to a “body”, 
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a degeneration which was often accomplished by fusing with sulphur 
and which was called blackening or melanosis. 

Then followed a whitening or /ewkosis, which often emant a fusion 
with the “ferment” or “seed of silver”, in which such ingredients like 
mercury and arsenic played a part. It was the counterpart of the original 
faking of silver and its alloys (argyropy). The third step consisted of 
yellowing or santhosis, the counterpart of the original faking of gold 
(chrysopy) in which the “water of sulphur” often played a part. 

The final stage was the production of a violet or purple colour, the 
iosis, in which the violet ferment would change the gold through and 
through into an “ios of gold” which was the permanent tincture which 
when cast upon common gold would produce more. 

So intense is the preoccupation of the alchemist with the transmu- 
tation of metals that he seldom pauses to ponder on the nature of the 
colours. Galen had already credited the Greek philosopher Democritus 
with the view that such qualities as colours are sensed by us from the 
concourse of the atoms, but that they do not reside in the atoms them- 
selves. Such physical theories hardly ever occur in alchemical tracts. 
The early alchemical manuscripts are therefore devoted to the study 
of matter and its changes and they stand apart from the true technolo- 
gical handbooks or collections of recipes, for they are not of a practica 
but of a philosophical nature. 

We should never forget that the seemingly practical recipes of the 
Leiden and Stockholm papyri did not stand alone. These two papyri 
were found in a grave at Thebes (Egypt) together with the magica 
papyris nos. XII and XIII (published by Preisendanz) and the magica’ 
papyrus Leidensis V, which contains symbolical names for plants and 
stones. Bolos’ book contained both the philosophical tenets and the 
tests of the alchemists. The Leiden and Stockholm papyri seem to go 
back to a Baphika written by Anaxilaos of Larissa in Egypt, where he 
had been banished by the emperor Augustus about 2 B.C. The practica 
(Isis, Iamblichos, Moses, Ostanes) and philosophical (Maria the Jewess, 
Comarius, Hermes, Cleopatra) treatises, part of which were ascribed 
to mythical persons such as Toth, were composed in the early centuries 
of our era. The codification period ends with Zosimos of Panopolis 
who in the third and fourth century summarizes the entire alchemical 
doctrine and literature. Already in his writings we find a strong re- 
ligious factor, there we read that salvation can be obtained by the Great 
Work. 

The theory of alchemy contained many elements which predisposed 
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is for absorption into philosophical or theological speculation. This 
is clear even from a rapid summary of its main tenets. 

In Aristotle’s philosophy a substance (ousia) was built up of matter 
(hyle) and form (morphé), which latter contained the essential individu- 
al qualities. In the hands of the Hellenistic alchemists, influenced by 
Neo-Pythagorean, Neo-Platonic, Stoic, Jewish and Chaldaean tenets 
all qualities and sensations, which help us to characterize chemical 
compounds, were turned into subtle types of matter. Heat and cold 
were thought to be the presence or absence of a “matter of heat”. Thus 
the qualities were turned into extremely thin fluids (pneuma or spiritus, 
literally breath), vapors which penetrated the materia prima and changed 
its properties. Therefore attention was concentrated on change as a 
phenomenon rather than on details of individual changes through 
chemical reactions. 

This strongly counteracted the rise of a mechanistic view of chemical 
change in which the phenomena are connected with the form, size and 
arrangement of primary particles. Also the concentration on the phe- 
nomenon of change led to comparison with changes observed in man 
and the use of such terms as generation, birth and death for chemical 
change. Dualistic philosophy introduced the theory of countraries such 
as body and soul, matter and form, matter and energy, passive and 
active, male and female. The union of form and matter is thought to 
create the chemical compounds we know. Hence the later picture of 
the generation of such compounds as the marriage of Sun and Moon 
or King and Queen. The final creation of the Philosopher’s Stone is 
called the “Magnum Opus”, but also the “Chemical Wedding”. There- 
fore alchemy is strongly qualitative. 

The theory that substances could be reduced to a sufficiently simple 
matter to be given the form of any other substance was basic for al- 
chemy. For thus the alchemists was sure that any substance was capable 
of being changed into any other. Hence the first step is stripping a 
substance of its form and recovering the materia prima. This “ousia” 
is often lead or a “tetrasomy” that is an alloy of iron, copper, tin and 
lead. This dead body (soma or corpus) needs a life-giving breath or 
pneuma to give it the desired form and turn it into the final product. 
This pneuma is described as anything from a gas or vapor to the Holy 
Ghost, generally it should be volatile and change the colour the of 
soma, 

The generation of the bodies in nature was thought to be due to 
preformation and purposeful creation. Hence the generation of new 
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chemical substances is a creation too and the pneuma is compared 
with sperma, the breath of life, the breath of heaven and fermentation. 
It is also called a tincture as it gives the essential colour. 

Early recipes purported to have been invented in Mesopotamia tend 
to achieve this by embedding the primary substance in the reagents 
and heating the whole to make the pneuma penetrate the soma. The 
Alexandrian chemists seem to make the pneuma penetrate the soma. 
The Alexandrian chemists seem to have preferred “projection”, that 
is applying the pneuma by sublimation or condensation onto the soma. 
Such operations were gradually more and more executed under the 
influence of suitable planetary influences as calculated with the help 
of astrological hours and seasons. 

Alchemy therefore rested on three basic assumptions: The possibility 
of transforming any kind of matter into any other, the need of “cor- 
rupting” a substance into primary matter before the transformation 
could be achieved and finally the power of the subtle not wholly im- 
material pneuma to evoke and generate new forms, which perfection 
already lay in the nature of these forms. 

The very doctrines and operations of the alchemist lent themselves 
most willingly to symbolical interpretation by the philosopher or the 
mystic. 


THE 


ERIOD OF THE EPIGONES 


After Zosimos we enter the period of the epigones in which the corpus 
of alchemical literature as we know it is finally codified and commented 
upon by a host of authors, who have nothing new to contribute. They 
are mainly Neo-Platonists or Gnostics to whom alchemy is part of 
their religico-philosophical doctrine. Original contributions to alchemy 
begin to flow again‘when the Arab scientists enter the scene. 

Such “alchemists” like Stephanos and his school (8th. cy. A.D.) 
use the transformation of metals as a symbol for the regenerating force 
of religion in transforming the human soul. It is doubtful whether 
such “alchemists” had any practical laboratory experience. Their 
interest lies in the religious sphere, they mix alchemical texts with 
prayers, invocations, moralising paragraphs and allegories. The 
chemical operations are entirely subjected to their allegorical-symbol- 
istic interpretations. Others seem to have used music to accompany 
alchemical operations and thus achieve the proper harmony between 
body, soul and the music of the spheres. Therefore by the end of the 
period of Greek alchemy we have three types of chemists which co- 
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exist and which should be well distinguished. There are still the many 
craftsmen working in various branches of what we now call chemical 
technology, then the students of the structure and changes of matter, 
the alchemists proper, and finally the philosophers and mystics who 
use alchemical theories and data in their speculations. 

Zosimos is still an Egyptian but already the centre of alchemy tends 
to shift to the north in the third century A.D. The parts of Zosimos’ 
important encyclopaedia of alchemy which survived show us that in 
his days experiments still played an important part in the Art. 

This is much less so in the writings of the later Greek alchemists 
(after 400 A.D.) which tend to become more and more mystical and 
devoid of practical experience. Alchemy is then no longer an Egyptian 
but a Syrian art, part of its writings being in Aramic. This Syrian school 
commented on the older writers who were believed to have possessed 
the secret of transmutation and they tried to rediscover it reinterpreting 
their writings. Still Aeneas Baraeus, a Greek theologian of Gaza, Syria, 
spoke of the alchemists as a recognized group of artisans with a certain 
standing and a lore of procedure (484 A.D.). 

This experimental attitude was never lost even when Syrian alchemy 
sank into the depths of mystical speculation. This is to be seen from 
Byzantine alchemy, which continued the Syrian traditions. In his 
Chrysopoeia Michael Psellos based his philosophy on pseudo-Demo- 
critos and he cited Zosimos and Theophrastus, but he also referred 
to practical metallurgy and technology. Still his book gives the im- 
pression that Psellos never entered an alchemical laboratory himself, 
and had his knowledge from books only. The experimental side of 
alchemy was finally revived by the Arabian alchemists. 

Syria throughout the centuries remained the centre of alchemy and 
the focus of cultural activity in general and with it Mesopotamia. Re- 
ligious conflicts in the Byzantine Empire first led to the expulsion of 
the Nestorians and then of the Monophysites who came to Syria and 
Mesopotamia and even settled in the countries to the East. Greek 
philosophical and scientific works were translated into Syriac, the 
language which had displaced Aramaic that had ruled the Near East 
in early Hellenistic. 

An important problem of the codification period is the possible 
contact between Greek and Chinese alchemy along the trade-routes 
of later Hellenism. Or were there no earlier relations than between 
Arabic and Chinese alchemy? Mahdihassan has recently discussed this 
point in various essays. 
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The exact interrelation between Chinese and Greek or Arabic 
alchemy is yet far from clear, mainly because far too little original 
Chinese texts have been translated. The earliest really alchemical data 
from China go back to the third century B.C. It should, however, be 
remembered that earlier Chinese philosophy (for instance that embodied 
in the ritual to which the emperors had to submit in their daily routine) 
already speculated on the Two Contraries, Yang, the male active, fiery 
principle and Yin, the negative, earthly and dry principle. Early ritual 
also correlated the four seasons, points of the compass, elements, co- 
lours and tastes. On the other hand we also find a system of Five 
Elements (Wu-hsing) (water, fire, wood, metal, earth). Though counter- 
feiting gold by alchemical methods was forbidden as early as 175 B.C. 
the Chinese alchemists were not after the production of the rare metals 
but wanted this gold as a substance to obtain longlevity. The gold 
was to be used for shaping vessels from which potions of longlevity 
were drunk, or for the manufacture of the “pill of immortality”. Here 
again cinnabar, having the colour of blood, played a large part together 
with mercury, the “living metal”. 

Alexander the Great by pushing into Afghanistan had established 
Hellenism on the outposts of the Near East whence the desert routes led 
to China and beyond. Influences travelled to and fro along with mer- 
chandise. We are not yet able to judge the extent of this intellectual 
interchange for the lack of Chinese alchemical texts. Certain streaks of 
Chinese alchemy do appear in Arabic alchemy, one of them being the 
idea of the “elixir”. Still there is no need to believe that Chinese alchemy 
arose due to influences from Alexandria or vice versa. As far as we 
can judge now Chinese alchemy arose from autochtonous ideas simul- 
taneously with Greek alchemy, though interchange of ideas was not 
only possible but obvious from the little evidence we possess now, and 
may have started early. 

Though we are of course far from understanding all aspects of al 
chemy in its codification period we should now also direct our attention 
to the incubation period proper. It will be necessary to cooperate with 
cuneiform scholars but the harvest is most promising. There are still 
scores of cuneiform tablets yet undeciphered and now indifferently 
dubbed “medical, pharmaceutical, chemical and technical” which 
promise to yield important data on the rise of alchemical doctrines 
codified in the early Hellenistic period by Bolos and the Greek alche- 
mists of Alexandria. 
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Cuaprer II 


WATER SUPPLY 


Though the story of planned and organised water supply belongs 
to that of urban life, its earlier stages reach back far beyond the limits 
of prehistory. Water supply like food is essential for human life, but 
mankind during many centuries depended on natural sources of water 
supply only. 


Natura Sources 


The Upper Palaeolithic and Mesolithic food-gatherers of Europe 

have been found to camp near springs or on the banks of rivers, which 
also supplied them with fish (1). The same holds true for the ancient 
Near Hast. 
The earliest farmers congregated round springs (or “tites”), usually 
funnel- or saucer-shaped holes at the bottom of shallow, oval or circular 
depressions. These springs were usually enclosed in wooden casings 
in prehistoric Europe, seldom more than 5 m deep and no more than 
2 m wide. Short sections of hollow tree-trunks are sometimes used as 
casings. The enclosed spring of mineral water at St. Moritz is one of 
the oldest in Europe (2) and many more mineral springs have been 
used for centuries. Rainwater was not generally collected in Europe 
before the Iron Age, it seems. 

In the ancient Near East the collection of the scarce rainwater and 
of.spring-water also goes back to very early times. Nearly all the Old 
Testament hill-site cities depended on springs at the foot of the town- 
mound, Thus En-Rogel (The Dragon Well) and the Spring of Gihon 
(Spring of the Steps) watered David’s City (3). Many of the wells in 
the ancient river-valleys and in the Arabian Desert were not man-made 
but natural springs. Indeed desert travel largely depended on such 
springs supplemented by hand-dug wells or other water supplies (4). 
We have the curious story told by Herodotus (5), that the empty wine 
jars were collected in Egypt and gathered at Memphis: 

“They are filled with water by the Memphians, who then convey 
them to the desert track between Egypt and Syria” where they were 
placed at certain regular intervals, This custom still persists on the old 
slave-trading route between the Sudan and Egypt and on old routes 
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between Dakhla and ‘Uweinat (in the Western Desert). This ancient 
attempt to supplement natural resources brings us to an older one, 
the well. 


WELLS 


Unfortunately most authors do not properly distinguish between 
the natural “spring” and the man-made “well”. The word “well” 
should be confined man’s attempts “to obtain water from the earth, 
vertically below the spot where it is required, when it is not obviously 
present at the surface” (6). Many of the so called “holy wells” are in 
reality enclosed springs, often deepened much later (7). 

Wells are typical for urban life and irrigation farming, when greater 
congregations looked for larger supplies of water. There was a com- 
mon opinion that the earth floated on an “Ocean”, which figures in 
ancient religious literature as the “waters of chaos” from which the 
earth and civilised life sprang and also as the abode of the dead and the 
powers “below”. As such water had acquired a special ritualistic and 
symbolistic aspect in Antiquity and even in later centuries (8). At the 
same time close observation of nature and experience in mining and 
tunnelling had accumulated some practical knowledge of water- 
finding. Real geological knowledge was not available. Such strictly 
scientific principles were applied to the choice of the site of a well for 
the first time in Derbyshire in 1795 (6). 

Primitive peoples still possess an uncanny instinct of finding water. 
The Roman author Vitruvius gives us a few more scientific means 
of spotting a good supply (9). Looking for water vapours rising close 
to the ground, inspecting the type of soil and observing the vegetation 
should be followed by trials, in which bronze or lead vessels or unburnt 
clay pots are buried for a short time and inspected for water. 

These ancient wells were never drilled but hand-dug. The majority 
was circular and all were steined, that is they were lined with stone, 
brick or wood. The wells of Harappa and other Indus valley cities 
were found in private houses (diameter 50—75 cm) as well as in market- 
squares (upto 250 cm in diameter). In Mesopotamia (Ur, Niniveh, 
Mari, etc.) wells were dug about the same time e.g. Eannatum’s well 
at Lagash (Tello), or slightly later. In Egypt wells were first used to 
supplement natural irrigation, then they are dug in cities too. Some of 
these wells attained considerable dimensions, such as the big well of 
Hermopolis which 65’ wide for about 50’ and then narrowed down 
to 32’ for another 65’. Then there is the big Ptolemaic well at Matruh 
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and the later well of Cairo which was no less than 280’ deep. From 
1500 B.C. onwards the ancient Egyptians learned to drive horizontal 
passages (or adits) into the strata at the bottom of wells to increase their 
output. It is clear that such efforts sprang from a long experience in 
mining. The well of Lachish (Tell Duweir, Palestine) was 250’ deep. 

In most cases, however, these wells were some 0.50—2.00 m wide 
and less than 30 m deep. Sometimes pottery rings take the place of 
brick linings. This is particularly true of the wells of Crete and their 
Mycenaean counterparts on the mainland of Greece (Philakopi). The 
Acropolis of Athens had two steined 60’ wells and the Romans pre- 
ferred brick or concrete lined wells, but in military camps or temporary 
posts helped themselves with old wooden barrels, plankings between 
four solid corner-posts or morticed plank constructions (10). ‘These 
wooden casings were adopted in the rest of Europe between 200 B.C. 
and 100 A.D. The Etruscans usually produced bell-shaped wells with 
aconstricted mouth, the Romans preferred an even batter or a gradually 
narrowing section. 

In desert regions the well was essential for life and carefully protected 
though available to friend and foe. Thus Uzziah “built towers in the 
desert and digged many wells, for he had much cattle” (11). Sometimes 
the spring or well was enclosed in a little building through the lattice- 
work of which one could laddle out the water, like the “seqaya” of the 
Arabian desert. 

Water was drawn from these wells by hand, as is still the custom in 
most cases nowadays. Lengths of bamboo, gourds, shell dippers, 
pottery jars and buckets have been in use for centuries. In deep wells 
relays of men and women down to the water’s surface passed the water- 
jar on to each other. With the evolution of water-raising machinery 
new methods were introduced. Ox- or camel-drawn wells appear early 
in history. When Sennacherib records his building of “the palace 
without rival” and his care for the water supply of Niniveh he writes 
(694 B.C.): “that daily there might be abundant flow of water of the 
buckets I had bronze cables and pails made and in the place of the 
mudbrick pillars I set up great posts and cross-beams over the wells” 
(12). “The rivers of Babylonia... were spread over the cornlands by 
hand or by the help of swinging beams (shadufs or swipes).” (13) As 
irrigation techniques improved we find this machinery used for water 
supply in towns, by Greeks and Romans too. Thus the water for the 
thermae (baths) of Stabiae (Pompeii) comes from a well (section 2 « 3 
m, 25 m deep) which stands besides a basin (1.5 » 2.0 m) in a little 
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building which also contains a long narrow room with a treadmill. 
This treadmill worked by two slaves could be made to work two sets 
of chains of bailers (3.5 | each) hanging in the well. The output would 
be about 2—3.6 m3/hour (14). 


STORAGE OF W ATER, CISTERNS 


Water was not only taken from springs, wells and rivers. In the 
ancient Near East rainwater was soon collected as purity was not only 
found to be important for drinking, but also for such industrial purposes 
as dyeing, fulling and washing flax and linen. The other types of water 
were used for bathing, flushing drains and similar purposes. 

Primitive and prehistoric peoples stored water in water-holes. The 
“dewponds” on the chalk hill tops of Sussex ond Dorset may belong 
to these primitive cisterns for rainwater, though some believe them 
to be of Roman date (15). In prehistoric Europe timber-lined shafts 
were sunk into strata of impermeable clay to store rainwater cisterns 
(16). The ancient Near East, however, built masonry cisterns or sank 
them into the rocky subsoil often giving them the shape of a bottle 
with a narrow opening to prevent pollution of its contents. “And 
they hewed them out cisterns” (17) and Rabshakeh, the messenger of 
the King of Assyria promises Israel “drink ye everyone the waters of 
his own cistern” (18). Some of these are of considerable size such as 
the “Pools of Solomon” at Jerusalem, the royal cisterns which are 
some 13 m deep, The largest one is 190m x 69m x 16m deep. These 
caves often pillared and reached by a flight of stairs as common in 
Palestine and Syria were imitated by the Greeks and Romans. 

Ancient Cnossos (Crete) had its cisterns like Mari (Mesopotamia) 
and Mycenae (19). Apart from these rock-hewn cisterns the Greeks 
and Romans built cisterns of masonry or concrete with tun-vaults 
and pillars. Smaller clarifying basins were often attached to such cisterns 
In Hellenistic and Imperial Roman times the large cities like Alexandria 
and Byzantium built huge cisterns, In the latter city largest measures 
141 by 73 m and has 420 columns. These huge cisterns built by Valens 
and Justinian still serve the city of Constantinople (20). 


ConbuITS AND PIPES, SEWERS 


Even the Romans preferred to take their watersupply from wells, 
but when water had to be brought from a distance irrigation and 
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drainage technique had taught that one should preferably rely on 
gravity low. The open duct or conduit, which could be cut into rocky 
soil, may have been fairly costly, but it was easily cleaned and covering 
slabs could protect the water from pollution. In prehistoric Europe, 
again, timber was cheap and plank channels or hollow trunks formed 
the basic form of conduits. Thus the water from the St. Moritz spring 
was transported in two lines of hollow tree-trunks with a diameter of 
1.10—1.40 m and 0.80—1.05 m respectively (21). 

Open terracotta conduits were first used on the mainland of Greece 
by the Mycenean builders of Tiryns and Philacopi, though the Cretans 
of Cnossos had preferred closed ducts to prevent the accumulation 
of silt (22). The famous Roman aqueducts are none but open ducts 
with covers carried down from the hills and sometimes carried by tiers 
of arches. 

However, in very early historic periods we already find preference 
for earthenware or stone pipes used for the transport of smaller quanti- 
ties of water and for drains. Earthenware pipes, some of them flanged, 
are in favour in the houses, drains and sewers of such Indian cities as 
Chandu Daro and Mohenjo Daro. The earthenware pipes and masonry 
sewers, water closets and drains of some Mesopotamian towns such 
as Mari are still in perfect working order. Already these pipes are made 
in standard length. Thus the pottery rings for drains and sewers in the 
Indus cities and those in Mesopotamia are 30 cm high and 11 cm in 
diameter (23). 

The palace at Cnossos contained very sophisticated water pipes, 
76 cm long, 2 cm thick and slightly tapering towards one end (diameter 
17 cm—8.5 cm). These pipes were flanged on the widest end and joined 
in such a way that the loops on these pipes were used to strengthen the 
joint by external cording. Also the flow of the water was direct from 
the thick to the slim end of the pipe. 

Metal pipes come early too in history. A length of 400 m of copper 
pipes was found in the mortuary temple of Sahure (Abusir, Egypt). 
The pipes, each some 40 cm long, were made from strips of 1.4 mm 
hammered copper. The ends of these 47 mm pipes were joined without 
soldering, probably by hammering on a wooden core. This line was 
fitted in the hollows cut into the solid flagstones. Bronze lines were 
also used to convey water from the mainland to the island of Tyre and 
at Motye on Sicily. The Greeks used earthenware, stone, bronze or 
lead pipes. Lead pipes seldom exceeded a diameter of 5 cm. With proper 
sealing earthenware pipes were proved to hold upto 50 atm. pressure, 
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though Roman engineers preferred to encase them in concrete. 
Earthenware bends were used in Greece too (Olynthus; fourth cy. 
B.C. onwards). Stone lines (10—30 cm diameter) were much in favour 
with the Greek cities of Asia Minor, they could stand pressures of 
4—15 atm. and were sometimes used in syphons. The oldest stone 
syphon was found at Patara (Lycia). The older form of earthenware 
pipe was fluted like those of Cnossos, but the classical Greeks preferred 
cylindrical pipes, slightly tapered at one end for fitting into the next 
one. 

Though the Roman engineers used lead pipes for pressure lines 
such as syphons they preferred wooden or earthenware ones for 
supplies in private houses. Bronze pipes were too expensive and used 
extensively only in the villas of the rich of the Roman Empire at Rome, 
Pompeii, Baiae, etc., who sometimes even indulged in silver pipes. The 
Roman wooden pipes were used with iron collars to strengthen the 
joints, and patching was done with lead plates. In the works on the 
Alban Lake (396 B.C.) stone collared pipes were used (90—95 cm 
length, diameter 36 cm, overlap 6 cm). Though lead pipes were fairly 
common in the city of Rome, the engineers were well aware of the 
danger of lead poisoning (24) and tried to avoid them. 

The lead pipes of the Roman Water Board should be mentioned 
as the first series of industrial products to be standardized. In discussing 
the water-supply of Rome we shall have occasion to point out that these 
series were based on the “quinaria”, a lead pipe made by bending a 
lead strip with a width of five Roman digits round and soldering the 
ends (25) with lead-tin alloys (26). Pliny summarizes the Roman view 
on pipes in these words: “The most convenient method of making a 
water course from the spring is by employing earthen pipes, two fingers 
in thickness, inserted in one another at the point of junction. The one 
that has the higher inclination fitting into the lower one- and coated 
with quicklime macerated in oil. ... The proper length for each leaden 
(pressure) pipe is ten feet, and if the pipe is five fingers in circumference 
its weight should be 60 pounds; if 8 fingers one hundred; if ten, 120; 
and so on in the same proportion. 

A pipe is called a “ten-finger” pipe when the sheet of metal is ten 
fingers in breadth before it is rolled up; a sheet one-half that breadth 
giving a “five-finger pipe” (27). 

During the Middle Ages similar materials were used. Only when 
metallurgy could produce cast iron by increased air-supply to the 
smelting furnace with a more efficient use of heat, a new material was 
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available. By the middle of the fifteenth century were cast-iron water- 
pipes, produced in double-valve moulds, used in Germany (Dillen- 
burg Castle, 1455) (28). 


THE SINNOR OF ANCIENT PALESTINE 


The cities in the river valleys of Egypt and Mesopotamia could 
easily be supplied with water from the river or local wells in times 
of war. This was very much more difficult in the case of the ancient 
cities of Palestine and Syria which were built on rocky hill-tops which 
had their water-supply from springs at the foot of the mound, Hence 
the engineering skill required in irrigation and mining was there turned 
to tunnelling from the midst of the city’s fortifications to the spring. 

From this strategic need arose the typical “sinndr” or watertunnel 
which originally was a flight of stairs leading down a shaft to a tunnel 
which wasa secret approach to the spring outside the city. Later attempts 
were made to enclose and defend the spring and to carry its waters 
to the foot of the shaft by means of a conduit located in the floor of 
the tunnel. Thus the chance of the enemy taking the city through the 
tunnel, as when David took Jerusalem from the Jebusites (29), was 
considerably lessened, Such hidden and protected wells or springs 
have also been found in other parts of the world, for it was essential 
to protect the water supply of a city. 

Most of the water-tunnels of Palestine can be dated only approxi- 
mately, moreover they underwent many changes in the course of their 
history, but they all seem to have been started in the Bronze Age 
(before 1200 B.C.). The sinndr of Gezer seems to be the oldest (30). 
Its stairs lead down to a 130’ passage which at the spring in a 80’ x 28’ 
cave about 95’ below the city level (130’ below the present one!). 
The Canaanites, who controlled the city’s water supply were only 
subdued by Egyptian armies, whence it passed to the hands of Solomon 
as part of the dowry of Pharaoh’s daughter, 

The Megiddo water system was studied and published in detail (31). 
The city-shaft with stairs led to the 150’ tunnel which led to the well. 

For here the spring had gradually been deepened into a well situated 
ina cave 5—7 m high, part of which housed a guard. A skeleton of such 
a guard was found on the spot. Ata later date the water from the well 
was led by a conduit to the foot of the shaft at the immediate disposal 
of the city population. 

The actual details of the great shaft at Lachish (32) have not yet 


156 WATER SUPPLY 


been described in sufficient details, but we know much more about 
the “conduit of the upper pool in the highway of the fuller’s field” (33) 
and how “Hezekiah (727—669 B.C.) made a pool and a conduit and 
brought water into the city” (34). Before his days the Spring Gihon 
had been impounded in a reservoir used to water the King’s Gardens 
south of Jerusalem, The tunnel may have arisen out of the threat of 
invasion by the Assyrian King Sennacherib in 705 B.C. From the ex- 
posed Spring Gihon in the Kidron valley this tunnel conducted its 
waters to the more protected junction of the Tyropoeon and Kidron 
valleys and spills them into the Pool of Siloam (53’ 18’, and 19’ deep). 
The tunnelling was hastily and badly done for a 350 m distance was 
covered by a tortuously winding 533 m tunnel, dug as usual from both 
ends (35). 

Other less examined shafts which may belong to this type of water 
tunnel, exist at Gibeon (el-Jib) and Ibleam (Khirbet bel’ Ameh) (36). 
Though these Bronze Age sinnors are good engineering feats showing 
skill in mining and levelling techniques, they were not meant to carry 
large quantities of water over really big distances such as the aqueducts 
which Sennacherib built inspired by his neighbours of the Armenian, 
mountains. 


THE QANAT AND THE BIRTH OF THE AQUEDUCT 


For many centuries to come lack of geological knowledge prevented 
the ancients to locate subterranean sources of water supply. The first 
faint hint of some elementary geological knowledge comes to us from 
the story by Procopius on the well dug in the fortress of Baras (Mesopo- 
tamia). As it would have been impossible to include a spring in the 
nearby foothills in the fortifications the engineers dug a well in the fort 
and expected to find water when they had reached the same level as the 
spring, which they actually did. The Assyrian engineers had none such 
knowledge (or should we call it a hunch?), however they learnt one 
way of tapping subterranean water supplies from their northern neigh- 
bours. The planning and execution of large projects show the existence 
of practical applied geometry and triangulation techniques, which 
deserve high praise if we take into account the means at their disposal 
(37), which can only have been the most primitive sighting devices as 
used by their astronomers. 

During his eighth campaign King Sargon II of Assyria invaded 
Urartu (the present Armenia) and devastated the complex irrigation 
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stem around the town of Ulhu (near Lake Urmia) (38). Notwith- 
standing this action Sargon greatly admired the efforts of the King 
of Ulbu which he describes in these words: “Following his ingenious 
inspiration (lit. his heart’s desire) Ursa, their king and lord... revealed 
the water-outlets. He dug a main duct which carried flowing waters... 
waters of abundance he caused to flow like the Euphrates. Countless 
ditches he led out from its interior... and he irrigated the fields.” The 
report on its thorough destruction also specifically mentions the block- 
ing up of the duct or canal. Close study of this text (39) confirms an 
earlier suspicion (40) that the qanat, the tunnel tapping water from the 


<—: water-soaked subsoil. The de 
hillside in cross-section with a ¢ 
of shafts, At A the outflow of water is directed 
ito a main ditch whence it is utilized for irri 
gation purposes. 


Fig. 32. 
The qanat or water-tunnel. 


foothills to transport it to distant fields by gravity flow, originated in 
ancient Armenia. 

The qanat (I)*, already widely spread in Antiquity, is essentially 
the same as the adit driven horizontally into the mountain side by 
the ancient miners. With its vertical air-shafts (and inspection shafts) 
at regular distances it seems derived from very old mining techniques. 
The old flint-mines of the New Stone Age were a set of vertical shafts 
which when reaching the stratum containing the flint-nodules required, 
are often connected by horizontal galleries and their branches. This 
technique was often applied by later miners too, Also the minet would 
be the best man to spot his main enemy, underground water supplies 
and water bearing formations. Hence the ancient miner would possess 
both the necessary practical geological knowledge and the skill of 


* The Roman figures refer to the notes on page 188. 
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constructing horizontal adits, in the hillside to tap its water. Armenia is 
one of the oldest mining and metallurgical centres in the Near East 
and thus may well claim the invention of the qanat. 

These qanats were already widely used in Persia in the period of 
Achaemenian Kings (41). Megasthenes found them so frequent in 
northern India about 300 B.C., that there were “officials which inspect 
the closed canals from which the water is distributed into conduits, 
in order that all may have an equal use of iv” (42). These adits, penetrat- 
ing the hillside for several hundred feet until they reach the water- 
bearing gravels, deliver their water to conduits which may be 4 to 60 
km long. The adits (average 2’ x 4’, slope 1—3%,) have vertical air- 
shafts with a diameter of 0.60—1,00 m which may upto 120 m high 
(43). The qanat has now spread to Trans-Caucasia, Afghanistan, 
Kashgar and Chinese Turkestan, their construction is the privilege of 
century-old guilds of specialists (II). 

They also penetrated to Arabia, may be as early as Herodotus’ time, 
for he reported (44): “The Arabian king, they say, made a pipe of the 
skin of oxen and other beasts reaching from this river Corys all the 
way to the desert, and so he brought water to certain cisterns which 
he had had dug in the desert to receive it. It is a twelve days’ journey 
from the river to this desert track. And the water was brought through 
three different pipes to three separate places.” 

The Persians certainly introduced this new technique to Egypt, and 
more particularly to Kharga Oasis (45). Though king Sheshonk 
(945—924) already mentioned a “chief of irrigation”, the Persians 
opened up the subterranean water-supply by adits and rendered the 
oasis habitable. The qanats were probably contructed during the reign 
of Darius I in conjunction with the erection of the Hibis temple in the 
same oasis. The mines and agriculture were further developed by the 
Ptolemies and the Romans who organised the Riff trade. It spread into 
the Sahara, even to southern Morocco, and was used at Roman Garama 
(Tripolitana). The Arabs even imported their “fogarra” into Sicily, 
where the fountain-men of Palermo still use terms of Latin, Byzantine 
and Arabic origin (See also vol. II of these Studies), 

The classical water-tunnels, even if they were not true qanats, often 
have very similar constructions. The Greek ducts or the tunnel in 
the aqueduct of Samos have their air- or inspection-shafts and Vitruv 
says: “If there are hills between the city and the fountainhead... tunnels 
are to be dug... Air shafts are to be at distance of one actus (120’) 
apart.” (46). 
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Sargon may have destroyed these qanats of Urartu (III), but he 
brought the idea back to Assyria where it was used before the Persians 
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were famous for it. Sennacherib applied it in building supplies of 
Niniveh and Arbela. Nebuchadnezzar II used qanat-like constructions 
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for the basis of the ziggurat of Borsippa (47) and of a wall east of Ba- 
bylon, and such a drain was also found at Ur. 

The first large water-supply system which Sargon’s son, Sennache- 
rib, built was to provide water for Niniveh and the royal palace of 
Chorsabad (48) (Dur Sharrukin), and to irrigate the fields around the 
old and the new capital. We read from his annals and inscriptions that 
this work proceeded in three stages. 

First Sennacherib started (703 B.C.) to throw a weir or dam across 
the Khosr river near Kisri, north of Niniveh. “The river Khosr, whose 
waters from of old took a low level and none among the Kings my 
fathers had dammed them as they poured into the Tigris ;— to increase 
he productiveness of the low-lying fields, from the border of the city 
of Kesiri (IV), through the high and low grounds I dug with iron 
pickaxes, I ran a canal; those waters I brought across the plain (around) 
Niniveh and made them flow through the orchards in irrigation dit- 
ches.” Weirs as mentioned by Sennacherib were nothing novel. The 
lake of Homs (2 x 6 miles) on the Orontes is nothing but the partly- 
silted up reservoir behind the dam (20’ high, 500’ long) built in the 
river by Ramses II (c. 1300 B.C.) which raised its level some 16’—17’. 
We also know the huge dam at Marib(S. Arabia) which probably dates 
from 1000 B.C. and many more from Hellenistic and Roman times. 
This 10-miles canal provided the plains west of the Khosr with water. 

In 694 B.C. “to explore the waters which are at the foot of Mt. Musri 
(the modern Jebel Bashiqah, north-east of Niniveh) I took the road 
and climbed up and with great difficulty came to the city of Elumina- 
kinne. At the head of the cities of... I saw pools and enlarged their 
narrow sources and turned them into a reservoir. To give these waters 
a course through the steep mountains, I cut through the difficult places 
with pickaxes and directed their outflow on to the plain of Niniveh. 
I strengthened their channels, heaping up (their banks) mountain-high, 
and secured those waters into them. As something extra I added them 
to the Khost’s waters for ever. I had all the orchards watered in the 
hot season, in winter a thousand fields of alluvium, about and below 
the city, I had them water every year. To arrest the flow of these waters 
I made a swamp and set out a cane-brake within it.” This entailed the 
canalisation of some 18 water-courses mentioned in further texts and 
also the building of two dams (of square stone blocks) across the Khosr 
defile near Niniveh itself, behind which the swamp held the waters (49). 

The third and most ambitious scheme dates of 690 B.C. “The bulk 
of those waters, however, I led out from the midst of Mt. Tas, a difficult 


THE QANAT AND THE BIRTH OF THE AQUEDUCT 16 


mountain on the border of Urartu (Armenia)... Now I at the comman 
of Assur the great lord, my lord, added unto it the waters of the moun- 
tains on its sides from the right and left and the waters of... (three) 
towns in its neighbourhood; with stones I lined the canal and Sen- 
nacherib’s Channel I called its name.” Actually Sennacherib canalised 
the Atrush river (the upper course of the Gomel River, a tributary of 
the Khazir river) upto Bavian where this new canal met a slightly 
older system which tapped water from the Atrush and conducted it to 
the older Khosr river system. 

A weir had been placed obliquely across the stream to dam it and 
to allow superfluous water to pass over it. The gorge of Bavian thus 
formed a natural reservoir, from the south-western corner of which the 
outlet ran into the canal which then follows the course of the foothills, 
winding slowly down with a 1 : 80 slope until it joins the Khosr river 
near Kalatah. Thus the canalised Atrush finally sent its waters through 
the older system to Niniveh at a distance of over 55 km. Unfortunately 
the number of workmen employed on it is lost but the inscriptions 
tell us: “In one year and three months I finished its construction.” 

Sennacherib tells us that he prepared for the opening-ceremony and 
sent down priests and presents for the gods, when the “gate of the river 
like a... was forced open inward and let in the waters of abundance. 
By the work of the engineers (V) its gate had not been opened when the 
gods caused the waters to dig a hole therein.” It has been supposed that 
this “gate of the river” was a sluice situated in the canal when as a long 
artificial cleft, 7 m wide, cut in the cliffs on the rights bank of the Gomel 
it has to pierce a protuding rock to join the older canal leading the 
waters away down South. It is more probably that the engineers after 
tunnelling this rock had blocked it again temporarily for the opening 
ceremony, a measure which failed through the force of the rising 
waters. We have no indication whatever that the Assyrians knew sluices 
of the hinged door or any other type. It seems more probable that the 
“bab nari” was simply the “mouth of the canal.” Holding up the waters 
of such gravity-flow canals by means of hinged gates or slide-doors 
would not stem the flow of the water down the canal. They could have 
been used to draw water into branch-canals. Also the “lock” would have 
involved the problem of opening and closing such gates or doors against 
the pressure of the onflowing waters, which could not be solved with- 
out winches or such heavy machinery, no traces of which have been 
reported (49). Hinged wooden doors are said to be used for this purpose 
in Ceylon in the second century B.C. (21). Probably to the surprise of 
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the trembling engineers Sennacherib took this mishap as a propitious 
sign that “the gods prospered the work of my hands” and loaded them 


Fig. 34. 
View of the Jerwan aqueduct (1933) during excavation, 
(After Jacobsen and Lloyd). 


with “linen and brightly coloured woollen garments. Golden rings, 
daggers of gold I put upon them.” 

The canal from Bavian to the Khosr river crossed several small 
brooks and valleys by means of arched aqueducts such as that at Jerwan 
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which was studied in detail (50). This 300 m aqueduct consists of a 
slightly concave duct, 12 m wide, enclosed by two walls 1.60 m high 
and 2.50 m thick. The duct consisting of three layers of limestone blocks 
is carried by a dyke or arches, resting ona foundation of rough boulders, 
built up from limestone cubes (50 cm cubic) and mortar of burnt lime- 
stone, capped by a 40 cm stratum of limestone chips mixed with river 
sand and burnt limestone (ratio 1 : 1.5 : 2—4). On the total length of 
300 m there are 14 buttresses to strengthen the dyke and its aqueduct. 

Sennacherib built another water supply for the town of Arbela 
(Erbil) (51). He joined “three rivers in the Khani Mountains to waters 
of the springs on the right and left sides of the river.” These three 
tributaries of the Bastara river meet in the Darband pass, where some 
200 blocks of masonry represent the remains of a weir near Qala 
Mortka, some 20 km north of Erbil. The water raised by this weir is 
tapped by a qanat, a series of vertical wells linked together at thei 
base by an underground tunnel. The opening of the tunnel (120 « 11 
cm) is lined with neat ashlar masonry for about 600 m when it gradually 
widens (to 270 cm) though the lining is now only 50 cm high. At Erbil, 
some 150’ below Qala Mortka, the tunnel changes into an open duct. 
At the entrance of the tunnel it is pierced with holes which may have 
accomodated ties to hold a sliding door to regulate the flow of water. 

These Assyrian qanats and aqueducts have been described at some 
length as they anticipate the earliest Greek aqueducts by some century, 
though their main purpose was providing water for irrigation (52). 
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-Long pipelines had also been built before the Greeks. Ancient Sidon 
obtained its water from the source of the river Zahrany near the south- 
ern end of the Lebanon. In a duct of earthenware pipes (encased in 
lead?) the water was carried down gorges and ravines on a winding 15 
mile course to the town of Sidon proper. 

The Mycenaeans were the first to build water-supply systems in 
ancient Greece and the Greeks have built aqueducts, tunnels and pipe- 
lines since to convey good drinking water to their important towns. 
Their earliest medical works already voice the general opinion that 
good water is essential for the health of the population (53) and bathing 
was certainly popular in ancient Greece. 

Prominent amongst these is Hippocrates’ On Airs, Waters and Places 
which displays shrewd observations on quality of water and general 
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health. The Greeks apply freely all the systems used in the ancient Near 
East. Thus Athens’ aqueduct bringing water from Mount Pentelicus 
is of the qanat-type, its underground channel has a vertical airshaft 


about every 50 feet. 

A second type very common in ancient Greece was the pipeline 
supported by stones and boldly tracing the shorted way from its source 
through valleys and tunnels. Its oldest example may be the aqueduct 
of Samos on which Herodotus (54) reports: “The Samians are the 
makers of the three greatest works to be seen in any Greek land, First 
of these is the double-mouthed channel pierced for an 150 fathoms 
through the base of a high hill; the whole channel is seven furlongs 
long, 8’ high and 8’ wide; and throughout the whole of its length 
there runs another channel 20 cubits deep and 3’ wide, where through 
the water coming from an abundant spring (near the village of Agirdes) 
is carried by its pipes to the city of Samos. The designer of this work 
was Eupalinus son of Naustrophus, a Megarian.” 

The actual tunnel is 1100 m long (55), but though started from both 
ends hardly deviates from a straight line. The Greek geometers had 
solved these practical problems far better than Hezekiah’s engineers 
at Jerusalem. Heron of Alexandria tells us how such careful triangu- 
lation can be achieved with the help of a simple dioptra, which is 
nothing but a water-horizon mounted with sights on a circle divided 
into 360°. He also solves the problem of excavating the vertical shafts 
ending in the tunnel (56). 

In the highly accidented regions of Asia Minor and other parts of 
the Greek world the Greeks introduced a daring new solution, the 
siphon. It avoided the expensive tunnelling or the long tortuous wind- 
ings of a gravity-flow duct. Siphons had been used for many centuries 
to mix liquids such as wines and even as drinking tubes. Their principle 
was still unsolved. The first attempt to explain the siphon was made by 
Heron (57) though he based it on the false hypothesis that “Nature 
abhors a vacuum.” The fact that a liquid attained the same level in 
communicating vessels was also well-known. However, using the 
siphon as a shortcut across a deep valley entailed high pressures in the 
lower part of the siphon. 

The aqueduct of Pergamom built during the reign of Eumenes IT 
is a typical example of the use of such a siphon (58). The watersupply 
is conducted from a spring in the mountains (+ 1174 m) to two settling 
tanks at Hagios Georgios (+ 360 m) east of the city by gravity flow. 
From these tanks however, a pressure line brought the water in two. 
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siphons through two valleys (+ 177 m and + 195 m) over a ridge 
(+ 235 m) to the citadel (+ 332 m). This means that pressures upto 
20 atm. had to be overcome in the two siphons. 

It is not known how the Greeks got rid of possible air-pockets 
in these siphons, nor what material these pipes were made of. In the 
city earthenware pipes were used for the distribution of the water from 
the basin in the citadel, but they may date from Roman times. The 
pipes forming the siphon ran through the 1’ holes in perforated stone 
slabs (4—5’ long, 24”—27" wide, 8’—10" thick) standing on their 
edges about every 4 feet. Bronze or wooden pipes have been suggested, 


Fig. 35. 
‘The Pergamom water: 


stem and its details. 


lead may have been used as in Roman times or even earthenware pipes, 
but unfortunately none of the ancient materials have ever been tested 
against such pressures as 20 atm. As the pipes have all disappeared metal 
was probably used and then taken down when the siphon was replaced 
in Roman times by an aqueduct bridging the valleys on tiers of arches 
but no longer supplying the highest parts of the city with water. 

Siphons and bold tunnelling are typical for the water-supply systems 
built by the Greek tyrants and the Hellenistic kings from Sicily and 
southern Italy to Asia Minor. In Roman times the siphon was used only 
in some few cases, probably because of leakages and the relatively poor 
materials available for high pressures. 
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The Roman aqueducts are widely known because of the graceful 
arches with which they span the valleys of Spanish, French and Italian 
rivers and the plains of the Roman Campagna. One is apt to forget 
that the greater part of their ducts is underground, as will be seen from 
the chronological survey appended to this essay. They are not only 
discussed by classical authors but they have been studied in great detail 
by modern archaeologists (59). Their water was meant for household 
use, for the baths, fountains and public conveniences, for flushing se- 
wers and other hygienic purposes (60). 

Water was seldom used for irrigation in the classical world, for 
the dominant agricultural system was “dry farming”, a method of 
conservation of the spring rain until summer by suitable working of 
the soil. Irrigation was applied only if after all the climate was too arid 
or if the type of crop demanded a great quantity of water. Thus in 
Numidia and Mauretania (Algeria) springs were used to irrigate the 
hill-country, streams were dammed, reservoirs, ponds and underground 
cisterns were connected with a system of aqueducts and canals to supple- 
ment dry farming. Numerous decisions of the lawyers on water rights 
form a testimony to its importance in certain regions of the Empire. 
An inscription with the plan of an aquaduct (the Aqua Crabra near 
Tusculum, Italy) gives the names of the properties, the number of 
pipes supplied and the hours they could be opened (61). In the Near 
East all kinds of water-lifting machinery replaced the aqueducts. 

In certain exceptional cases aqueducts were built for industrial 
purposes such as hushing at the gold mines “arugiae” in Roman Spain 
(62). Water-wheels were sometimes moved by water from special 
aqueducts such as the Aqua Traiana at Rome or the one built for the 
military flour-factory of Arles (63). 

The story of the Roman aqueducts begins with the building of the 
Aqua Appia by the blind censor Appius Claudius. This underground 
aqueduct was built at state expense for the purpose of bringing pure 
water into the thickly settled quarters of the city (64). The next one, 
the Anio Vetus, was built from the spoils taken from king Pyrrhus, 
in the same way the Aqua Marcia is said to have been financed from 
the booty taken at Corinth and Carthage (65). Early Republican times 
saw the extension of Rome’s water supply as well as some local aque- 
ducts like that of Pisaurum (66). By 125 B.C. the water supply had been 
doubled following the rapid expansion of Rome. In the same period 


THE ROMAN AQUEDUCTS 167 


the town of Aletrium built an expensive water-system which included 
a siphon of earthenware pipes embedded in blocks of concrete (67). 

In the troubled days of the later Republic (first century B.C.) the 
aqueducts were neglected and Augustus had to repair the channels and 
ducts which had fallen into decay and to build new ones (68). The 
Imperial period was a great era for building and several emperors ex- 
celled in enlarging the water-supply of their main cities. Apart from 
Augustus there was Claudius whose huge aqueduct took 14 years to 
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Fig. 36. 
The Roman system of distributing water. 


build, His engineers had to grapple with the serious problem of quarry- 
ing blocks of tufa along the Anio river and hauling them several miles 
to the building site. No less than 40.000 waggonloads were transported 
every year (69). Hadrian built a large number of aqueducts all over the 
Empire (70) and the later emperors continued this policy upto the 
days of Justinian (71). 

The provinces profited by this policy. In Africa the whole extent 
of the aqueducts, canals and wells is not yet completely known (72). 
In Egypt Augustus built an aqueduct for Alexandria (73), which water 
was purified (74). In the rest of the country, however, the ancient irri- 
gation machines were used for water-supplies of towns too. Thus the 
military camp of Babylon (near Memphis) to which “the water is 
conducted up from the river by wheels and screws and 150 prison 
are employed in the work” (75). In 113 A.D. the town of Arsinoé 
built a water-wheel which raised water into reservoirs which fed the 
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townfountains, a bath, a brewery and two Jewish synagogues (76). 

In Asia Minor, the old Greek initiative was reawakened by the 
Roman Empire (77), Sardis, Ephesos, Pergamon, Smyrna, Miletus and 
Nysa got new aqueducts. In Spain the large aqueducts of Merida and 
Segovia are well-known, the bridge of the latter is over 1000 m long 
and 50 m high, In Gaul the aqueducts of Nimes and Arles were famous, 
Lyons had several including the siphon of Beaumont which carries the 
water 17 m over a river with 7 lead pipelines (diameter 270 mm, 35 mm 
lead) for which some 10.000 tons of lead were used (78). In Germany 
the aqueducts of Cologne, Bonn, Mainz and Trier were studied (79), 
that of Bonn comes from the Urfvalley, 127 km away. 

In Britain the Roman aqueducts of Lincoln, Dorchester and other 
towns have disappeared. That of Worcester supplied private houses, 
through separate sluices for each individual house, with such water 
as the public service did not need. In Silchester the water arrived below 
the town level and was raised with force pumps. An 8-mile aqueduct 
supplied the gold workings at Dolaucothy (Carmarthenshire) with 
the necessary water to wash the ore. 

Financing the aqueduct was essentially a state affair. The land on 
which the aqueduct was to be built had to be bought by the state or the 
town council. As no rights of expropriation existed this was often a 
difficult affair and the entire property would be bought and the land 
not needed would be resold. A strip of 12 Roman feet was usually re- 
served and even then this strip was leased for pasture, cutting grass 
and hay or cutting brushwood. The earlier aqueducts were often fi- 
nanced from booty, that is from funds robbed in foreign countries. 
Then the state shifted this burden onto the shoulders of “viri trium- 
phales”, they became a benefaction of succesful army-commanders. 
Finally the state tried to extract funds from the taxpayer. Both in Rome 
and in many provincial towns a watertax was imposed on private and 
business houses that piped water from the main aqueduct. At Rome the 
public could draw water freely without paying and even by the end of 
the first century A.D, the water-tax collected amounted to some 250.000 
sesterces per year, hardly enough for the upkeep and repairs. Italian 
cities usually managed to pay for an excellent supply of clean watet. 
Villages paid water-tax to a neighbouring town for the use of a branch 
ine (80). In Roman Syria the temple officials managed to finance aque- 
ducts out of the income of the temple. All over the Roman Empire 
public-spirited men like Sextillius Pollio of Ephesos managed to offer 
them as a gift to their home-town honoris causa. 
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Classical authors inform us more particularly of the water supply 
of the city of Rome apart from their general discussion of the problem. 
With the words “but let us now discuss marvels which, if properly 
estimated, are unsurpassed” Pliny (81) introduces a discussion of the 
properties of water, the remedies derived from mineral waters, how 
to look for the signs indicating its presence and how to convey it. 
Unfortunately his account is rather superficial and only a few lines are 
informative. Vitruv devotes the entire eighth of his ten books on ar- 
chitecture to water (82) summarizing the indications, properties and 
tests of water, aqueducts, wells and cisterns and the levelling instru- 
ments used in their construction. His observations, accurate as they are, 
should not be taken to represent actual data on Rome’s water supply 
in his days. He hardly mentions the use of siphons and the supply of 
water to baths, fullers, workshops and other industrial establishments, 
nor does his description of town installations like castellae agree with 
archaeological data. His essay is rather a vision of a well centralized 
water-supply of the future in a period of transition from republican 
collective power to the dictatorial power of the emperors. It was sug- 
gested (83) that many of Vitruv’s ideas were adopted by Augustus as 
shown by the water regulations of Venafrum (84) and by Agrippa’s 
reorganisation of the water-board of Rome. 

Our main information comes from Sextus Julius Frontinus (85) 
thrice consul, imperial legate in Britain (where he won a victory over 
the Silures of Wales (86)) and water commissioner of Rome from 97 
A.D. to 103/104 A.D., whose two books on Rome’s water-supply 
abound with practical technical information. He too is much impressed 
by these great public works exclaiming: “With such an array of indis- 
pensable structures carrying so many waters, compare, if you will, 
the idle Pyramids or the useless, though famous, works of the Greeks!” 
(87). 

Originally the water-supply of Rome was controlled by municipal 
magistrates (censores and aediles). Augustus centralised these duties 
which he entrusted to his friend Marcus Vipsanius Agrippa. His re- 
gulations were confirmed by decisions of the Senate 11—9 B.C. and 
laid down in a law of 9 B.C. This entrusted a board of curatores with 
these duties, which were controlled by an Imperial procurator aquarum. 
This board consisted of a chairman of consular rank (curator aquarum, 
Water Commissioner) and two technical advisors (adiutores). Fronti- 
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nus was the seventeenth Water Commissioner of Rome, Agrippa the 
first. During the reign of Claudium a reorganisation (52 A.D.) entrusted 
the procurator aquarum with the entire responsibility and the necessary 
funds for upkeep and construction. 

The Water Commissioner disposed of two lictores (beadles, who 
were never active), three servi publici (officials), an architect and an 
administrative staff (scribae, librarii, accensi and praecones). His 
technical personnel consisted of villici (who attended to the pipes and 
orifices), castellarii (for the reservoirs), citcuitores (line-inspectors), 
silicarii (paviours) and tectores (masons). Agrippa had used a band of 
240 slaves of his own, whom he trained and left to the state at his death 
and Claudius had formed “Caesar’s gang” of 460 men. These gangs were 
then combined and together with the specialists mentioned above, 
further architects (aquarii) and free labour (hired occasionally) they 
formed the regular technical staff. 

This large staff was certainly needed for out of the 95 larger aqueducts 
of the Roman Empire (88) eight large ones served the capital. Five 
aqueducts drew their waters from springs and artesian wells, two drew 
on river water and one sea-water. The older aqueducts were mainly 
subterranean, an excellent precaution against war risks. The later ones 
reached the city at the highest possible level and thus risked being cut 
as happened during the siege of Rome by the Goths. Five aqueducts 
could deliver to all city levels. The total section of all these ducts was 
7.587 m*, that is the same troughput as a cylindrical main of 3.11 m2, 
The 351.6 km length of aqueducts(only 47.4 km overground!) delivered 
about 1.010.623 m* per day (V1) against 286.000 in 1886. 

In Table X these figures have been converted to consumption per 
head per day, but it should be remembered that ancient life demanded 
many outdoor amenities which we never had. Thus in the fourth 
century A.D. Rome had 11 public baths (thermae), 856 private smaller 
baths and 1352 fountains and cisterns. This enormous supply, the many 
public services, the measuring orifices and branch lines, and the city 
reservoirs (castellae) certainly demanded the staff discussed above. 
When the source of water (spring or river) had been chosen plans 
for its future course were carefully made. Underground ducts were 
preferred and the beautiful ducts on tiers or arches were avoided because 
of their high cost. Plans were drawn after a course had been chosen, 
Frontinus mentions that he had carefully drawn plans of all existing 
aqueducts and lines. The course chosen usually had a gradient of 
: 200—1 : 1000 (though we sometimes find one of 1 : 3000). Every 
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attempts was made to avoid a natural creation of a pressure-supply, 
for siphons were expensive to build and repair. The siphon was oc- 
casionally used to cross sharp valleys and to bring the water back to 
its own level but in no sense do we find an anticipation of the modern 
high-pressure supply. In pumps and waterorgans hydraulic pressure 
was sometimes used by the Roman engineer but not in water-lines. 


TABLE X 
Public Water Supply in Gallons per head per day 


50 B.C. jA.D- 100, 1823 1830 1835 | 1936 


Rome 198 300 250 150 
Paris 3 

London i) 10.0 35.5 
Manchester 5.5 33 
Liverpool 3.5 36.5 
Edinburgh ES) 52 
Glasgow 12.0 ae 
Leipzig 20 
Frankfort 40 
Miinich 55 
New York 120 


The gradient of the aqueducts was not always evenly maintained. 
This was due to the simple levelling instruments available. The Ancient 
Near East had known a plumb-bob level (in the form of capital A with 
a plumb-line hanging from the apex) and sighting devices such as the 
merchet. The Greeks and Romans had the libra aquaria (a simple 
water-level), the chorobates (a primitive plane table or field service 
level some 20’ long), the dioptra (a waterhorizon with sights mounted 
on a divided circle), the groma (or Grecian star, to trace 90° angles) 
and levelling rods (90). Skilful work with these primitive instruments 
would, however, enabled them to maintain a gradient of 1 : 2000 very 
closely. Even accurate tunnelling was possible with these instruments 
and only seldom do we hear complaints of careless and negligent work 
such as those of Nonius Datus on the deviations of the water-tunnel 
of Lambaesis (Mauretania) in 152 A.D. 

From spring or river the water was led to settling tanks (pisci- 
nae, castellae limonariae), which usually had two compartiments with 
sloping floors, which facilitated cleaning. The water was then conducted 
to the real duct (specus), often 50’ underground, which had air-shafts 
(lumina, columnaria) every 40—50 yards (av. 1 actus = 120’) to prevent 
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air-locks, and to allow inspection and cleaning. The area of the specus 
varied from 0.5—3.0 m2, it consisted of a 50—60 cm concrete lining 
enclosed and carried by a mass of masonry. Modern aqueducts avoid 
this to prevent cracking or stresses in the masonry because of tempera- 
ture differences between the water and the aqueducts. As many of the 
springs tapped were fairly hot the Roman aqueducts suffered from 
serious deposits and incrustations of carbonate of lime and had to be 
cleaned out fairly frequently. This cleaning was done by the circuitores 
but even now these incrustations mark the course of the aqueducts. 


Fig. 37. 
Cross-section of a settling tank of the Aqua Julia (Rome). 


Only the waters of the Aqua Virgo and Aqua Marcia were so pure that 
they did not even need piscinae (91); that of the Aqua Alsietina was 
undrinkable and with part of the supply of the Aqua Traiana served 
for water-mills, naumachia (water-shows) and sewer-flushing. 

The water of the aqueducts arrived at the castellae, which were not 
reservoirs in the modern sense of the word as they had only little 
storage capacity. As the Roman watersupply worked on the principle 
of constant offtake they were distribution tanks only. Each aqueduct 
had a number of such castellae; the Aqua Appia served 20, the Anio 
Vetus 92 castellae, the total for Rome amounting to no less than 247. 


TOWN INSTALLATIONS AND DISTRIBUTION 


According to Frontinus there were three large groups of consumers 
(92): 1) those to whom the emperor had granted supplies (sub nomine 
Caesaris) which included several public services, 2) private parties, and 
3) public supplies. 


TOWN INSTALLATIONS AND DISTRIBUTION i738 


If we summarize the figures given by Frontinus we get 


At the emperor’s disposal (incl. baths)... 2... .. 17.1% 
Private parties (houses and industries)... . 2... . 38.6%, 


Public supplies: 


(O-militarwbartacksi. soni. ack ee 5 ie 2.9 
Sb-omicial buildings.» sa 3+. += 24 
39 public buildings & theatres, Omar cee pee) 
52 lcistems Geitountains 2 a sq sa dod 44.3 


100.0%, 


From the castellum three mains tapped water near its bottom for 
supplies to the fountains, thermae (baths) and official buildings. Ten 
higher mains (which therefore had less head) delivered water to private 
consumers, blocks of houses, industries, etc. Though tapping from 
the specus or main was unlawful, the overflow from reservoirs, foun- 
tains and public baths (called “lapsed water” or “aqua caduca”) was 
often free though it was also used for swilling drains or for industrial 
purposes. The basement of the baths of Caracalla contained mills 
driven by this surplus. Apartement houses and other buildings had 
secundary reservoirs in which the water supplied was pumped by water- 
wheels, force-pumps and the like. 

Vitruv devised a way of balancing the demands of the groups of 
consumers during every period of the day which he describes thus 
(93): “To the castellum a triple receptacle is to be joined, to receive 
the water; and three pipes of equal size are to be put in the castellum, 
leading to the adjoining receptacles, so that when there is an overflow 
from the two outer receptacles, it may deliver into the middle receptacle. 
From the middle receptacle pipes will be taken to all pools and foun- 
tains; from the second receptacle to the baths, in order to furnish a 
public revenue; to avoid a deficiency in the public supply, private 
houses are to be supplied from the third... The reason why I have 
made this division, is in order that those who take private supplies 
into their houses may contribute by the water rate to the maintenance 
of the aqueducts.” 

This proposal was not generally applied as each quarter of the city 
had its own range of uses for the water supplied. The type of castellum 
described by Frontinus was usually well-fitted to cope with the de- 
mands at any time of the day. In provincial towns supplies were not 
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always so plentiful and the authorities like those of Pompeii were 
often to ration or cut off the supplies to private persons during certain 
periods of the day in order to dispose of sufficient water for the baths 
and public buildings which formed the hub of town-life. 

The emperor could grant any syndicate or person (even for life) the 
right to tap the mains for his own use but generally the aquarii who 
were in charge of each castellum delivered water to consumers and 
charged them according to the only standard known then, a nozzle 
or ajutage, taking the maximum throughput per day of such a nozzle 
as a basis for their calculations. We should realize that the Roman 
engineers had only the faintest ideas of hydrodynamics. They were of 
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Fig, 38. 
Calix according to Frontinus. 


course conversant with the rule expressed by Pliny in these words; 
“Water, itshould be remembered, always rises to the level of its source.” 
But he also adds: “If, again, it is conveyed from a considerable distance 
it should be made to rise and fall every now and then, so as not to lose 
its motive power” (94). The influence of the height of pressure, the 
grade, the resistance of the channel or pipe and the velocity of the 
water was not properly known as will be seen from this passage from 
Frontinus (95): “Every stream of water, whenever it comes from a 
higher point and flows into a reservoir after a short run, not only comes 
upto its measure, but actually yields a surplus; but whenever it comes 
from a lower point, that is, under less pressure, and is conducted a 
longer distance, it shrinks in volume, owing to the resistance of its 
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conduit; and that, therefore, on this principle it needs either a check 
or a help in its discharge”. 

The ajutage or calix took the place of our watermeter and based 
on a certain maximum possible throughput given a certain average 
head of water one was charged independent of the individual offtake 
or the head at the specific spot of the main where the calix was tapping 
its water. For “the calix in a bronze ajutage, inserted into a conduit or 
reservoir and to it the service pipes are attached. Its length ought not 
to be less than 12 digits, while its orifice ought to have such capacity 
as is specified (in any particular instance). Bronze seems to have been 
selected, since, being hard, it is more difficult to bend, and is not easily 
expanded or contracted.” (96). 


1356 
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Fig. 39. 
Cross-section of the Pont du Gard duct (Nimes). 


Frontinus was probably vaguely aware of the properties of a Venturi- 
tube, where there is a considerable drop of pressure in the orifice 
without loss of pressure beyond it (97) as he says: “Placed at right 
angles and level, the calix maintains the normal quantity. Set against 
the current of the water and sloping downward it will take in more 
(devexus ampluis rapit). If it slopes to one side, so that the water 
flows by, and if it is inclined with the current, that is, is less favourably 
placed for taking in water, it will receive the water slowly and in scant 


quantity.” 

These calices delivering to the consumers through the private pipes 
(fistulae) were placed in such a way that no more than 1 quinaria of 
water was taken off every 50’. The unit of the calices was the quinaria 
(both a standard of the area of the pipe (m®) and its throughput (m4/h)), 
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the “five-digit” lead pipe, discussed above, which had an area of 4.453 
cm®. Both Vitruv and Frontinus discuss the set of the standard pipes 
based on the quinaria (98). The latter author details a series of 25 adju- 
tages ranging froma “one-digit” toa “120-digits” pipe, 15 of which were 
in common use only. As these standard ajutages were the only ones 
allowed to the consumer, we have here the first logical series of standard 
parts in the history of technology, which were carefully inspected and 
stamped by the villici. “Care should be taken, as often as an ajutage 
is stamped, to stamp also the adjoining pipe over the length prescribed 
(at least 12 dig For then only can the overseer (villicus) be held to 
his full responsibility, when he understands that none but stamped 
pipes must be set in place.” 

“In setting ajutages also, care must be taken to set them on the level 
and not place the one higher and the other lower down. The lower 
one will take in more; the higher one will suck in less, because the 
current of water is drawn in by the lower one.” (99). 

Though earthenware pipes (tubuli) were sometimes used for private 
pipes lead was more common. The lead pipes were made from strips, 
the edges of which were brought together and soldered. As the solder 
was often pure lead, tin being expensive, leaks were rather frequent. 
The lead was usually cast in 10’ sheets and cut up into strips of the 
correct width. If private reservoirs or cisterns were tapped lead pipes 
were also used, but all fittings, stops and faucets, of which the Roman 
world knew many types, were made of bronze. Some of the private hou- 
ses in Pompeii have as many as 30 taps. The city had but few mains and 
the private citizens often tapped their water directly from the castellae 
and conveyed it over long distances. 

Despite the large quantities of lead pipes frequently needed a factory 
system of manufacture failed to emerge. A tenacious smallshop system 
resisted the obvious economic inducements towards centralisation. 
Part of the work of the slaves of the water board consisted in making 
and laying lead pipes for the public services. Like other pipes they bear 
the name of the maker, the Water Commissioner and the emperor as 
well as the date. But the board also employed the services of private 
plumbers. Larger numbers of pipes were contracted for by private 
contractors (or well-to do) who had purchased the right to tap the 
public water-mains, Their pipes are regularly stamped with the owner’s 
name for identification as well as that of the contractor. From a survey 
of these it seems that there were few really big contracts, one seldom 
finds one name in two widely separated regions of the city. It would 
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seem that small owners of plumbers’ shops with a few slaves took orders 
as they came, bought materials, rolled them into sheets from which 
the requisite strips were cut, pipes made and soldered and finally laid 
and connected. 

Frontinus not only surveyed and restored the whole water-supply 
of Rome, he also tried to establish correct data on which his bureau 
could work. He was not satisfied with the total intake of the aqueducts 
of 12.755 quinariae mentioned in the imperial records but started to 
measure the quantities of water delivered at the sources, at the reser- 
voirs and finally to the consumers. This showed him that at the intake 
18.433 quinariae went to Rome and that finally 14.018 were delivered. 
Due to his lack of knowledge of sound hydraulics he imputes the loss 
entirely to leakage or to thefts by tapping without ajutage, widening 
existing ajutages or using unchecked, too wide ones. This he corrected 
and on this account alone he was justified in saying: “The expense of 
a monument is superfluous; my memory will endure if my actions 
deserve it.” (100). 


‘TESTING AND PURIFYING WATER 


Both ancient doctors and engineers have stressed the necessity of 
obtaining pure water. Hippocrates, Galen, Vitruvius and many more 
have denounced the use of lead for cistern-linings or pipes and this 
frequency of lead poisoning has recently been repeated (101). How- 
ever, the manifold cases of rather intense incrustations of calcium 
carbonate on the interior of ancient lead pipes suggest that this com- 
plaint is grossly overrated. 

Water should be properly tested and Vitruy apart from observing 
the “physique of those who live in the neighbourhood” recommends 
the following methods (102): “The water, being sprinkled over a vessel 
of Corinthian bronze (a gold-silver-copper alloy) or any other good 
bronze, should leave no trace. Or if water is boiled in a copper vessel 
and is allowed to stand and then poured off, it will also pass the test, 
if no sand or mud is found in the bottom of the copper vessel. Again, 
if vegetables, being put in the vessel with water and boiled, are soon 
cooked, they will show that the water is good and wholesome.” The 
spring of the water should not be “defiled with filth” neither should 
“moss nor reeds” grow there. The practical boiling test with vegetables 
was already mentioned by Hippocrates who states that waters “with 
a very solvent nature” are preferable for cooking in order to stimulate 
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digestion. Boiled vegetables should not be “hardened” by the water. 

Several ancient texts mention that certain waters “can bear a little 
wine” and it is quite possible (103) that by dosing water drop by drop 
with a strongly coloured wine (vitis faecenia) of the Algerian type the 
Romans were able to estimate roughly the lime content of their water. 

There were many ways of purifying water (104) such as the very 
ancient ones of exposing it to sun and air or boiling it like the Persian 
kings who drank water of the Choaspes kept in silver flaggons (105), 
a method sponsored by Hippocrates. Others like Aristotle (106) prefer 
filtration through porous pottery made of mixes of zeolite and clay, 
or of wax, as some prefer to read (107), however dark the text may then 
be. However porous filters made of tufa have been found in several 
places (108). Filtration through wool or wick syphons was well-known. 
Athenaeos of Attalia wrote a Book on the Purfication of Water (50 A.D.) 
in which filtration was discussed and natural desalting by percolation 
of sea-water into certain subterraneous galleries in Egypt commented 
upon. Percolation through layers of sand is also recommended by 
Vitruvius (109). “If cisterns are double or treble so that they can be 
switched, they will make the supply of water much more wholesome 
by percolation. For when the sediment has a place to settle in, the water 
will be more limpid and will keep a flavour unaccompanied by smell. 
If not, salt must be added to purify it.” The addition of salt is also re- 
commended by Palladius if the water contains too much lime. It was 
in fact an old remedy for “Elisha went forth unto the spring of the 
waters (at Jericho) and cast the salt in there... So the waters were 
healed unto this day.” (110). 

Certain herbs were also known to purify water since “the Lord 
shewed Moses a tree which when he had cast it into the (bitter) waters 
(of Marah) the waters were made sweet” (111). The Geoponica mentions 
barley in a bag, macerated laurel or bruised coral and Pliny advises 
to cook the water for two hours with polenta or to use chalk of Rhodes 
or clay (argilla) from Italy. It was also believed that “bronze has a 
purifying effect” (112) and hence the automata for holy water were 
made of this metal. The most common remedy, however, was mixing 
water with wine as is still the general custom in Southern Europe. 


WATER-SUPPLY IN THE MIDDLE AGES 


With the fall of the Roman Empire the lack of central authority 
and large public funds led to the decline of all such public services 
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as road-building and watersupply. The planning and reorganisation 
of such services was left to either groups of private citizens or municipal 
authorities, Only in urban centres of Roman date did they survive to 
some extent. The new cities of Western Europe were thrown back on 
more primitive means. 

As early as 389 A.D. a law had to forbid the landowners to tap the 
aqueducts to irrigate their lands, and around 600 the bishops were 
want to take charge of the aqueducts to ensure a public supply of water. 
In most cases the town people were thrown back on wells, springs and 
rivers for their supplies. As care for proper sewers and street-cleaning 
had seriously declined (113) hygienic conditions were more closely 
connected with water-supply than during the Roman Imperium when 
pure water was obtained far beyond the bounds of the city. The arch- 
bishops of Salzburg obtained their daily supply of fresh spring water 
by messenger, but the ordinary citizen had to rely on his private wel 
or cistern or on the town wells and fountains. 

Wells, being also used for the storage of rain water, were often 
too close to cesspools and latrines. Epidemics spread quickly. In the 
town of Strassburg thousands died in the fourteenth century t 
of such contaminated wells (114) whereas the Jews in that town suffered 
little as their doctors had forbidden them to drink this water and tolc 
them to rely on boiled river-water or rain-water. None of the many 
municipal laws on defiling the rivers could stop this process. Open 
gutters in the middle of the street into which refuse was thrown anc 
rain water poured from the roofs were not properly drained in sewers. 
‘The streets, seldom paved, were often mud-pools in which pigs crowd- 
ed and their water leaked into the wells or private plots. 

These conditions slowly changed when the local authorities grow 
less indifferent to street-cleaning and sewers. In the course of the four- 
teenth century the Flemish towns set the good example (115) and also 
enforced laws on clean water and food. The Black Death stimulated 
such measures like many others, it was the cause of the first Urban 
Sanitary Act of 1388 which forbade throwing filth and garbage in 
ditches, rivers and waters in all England. 

The water from public fountains and wells was often distributed 
by professional water-carriers. In Paris, Alexander Neckam found in 
the twelfth century (116) each house-owner kept his water in a large 
open vat (“tine”) which was kept filled by the water-carrier who had 
contracted to do this job. The water was carried by him in two wooden 
pails with the help of a yoke (“grouge”). As most of the Paris wells 


‘ause 
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gave brackish water, much water was taken from the river Seine, which 
then flowed quicker and hence was cleaner. The town wells worked 
either with a bucket and windlass or if water was near the surface 
buckets with a counterweight were used. Many towns changed over 
from wooden buckets to copper ones because they could be more 
properly cleaned. 

Things started to change when Philipe Auguste enclosed Paris with 


Fig. 40. 
Roman aqueduct of Segovia (Spain). 


walls about 1190, At that time the abbey of Saint-Laurent had a water 
reservoir at Pré 


aint-Gervais which held water from springs at Ro- 
ater was piped to Paris in lead pipes (117). The abbey 
of Saint-Martin des Champs had repaired 1200 yards of masonry of 


mainville. This w 


the old aqueduct of Belleville and mains were now being laid to the 
public fountains of Paris. The Convent of the Filles-Dieu was the first 
to get a concession to pipe water from the public main to its establish- 
ment (1265) and many nobles and merchants followed suit. However, 
illegal tapping became so frequent that a special decree (Oct. 9, 1392) 
had to be enacted. In 1404 Charles took the necessary steps to prevent 
pollution of the Seine. Citizens began to take an interest in proper 
water-supply and the Provost of the Merchants paid the repairs of 
200 yards of the Belleville aqueduct (1457). By that time things were 
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on the move and pumping from the Seine with the help of a water 
wheel was discussed, though these plans were not realised for some 
time to come. 

What was related here about the developments in Paris is typical 
for the story in many medieval towns. Some of them were able to 
keep the old Roman aqueducts more or less in repair. Others like 
towns in the west of England (Plymouth, Devonport) could build a 
primitive kind of aqueduct (or “leat”), carrying water from a spring 
or river into the town in an open duct. A few towns like Konstanz 
were able to pipe mountain springs to town. The advent of pumps in 
the fifteenth and sixteenth century changed the picture completely. 
Attemps at pumping started earlier but failed to become common 
because of the primitive machinery. Undershot water-wheels, some 
5—6.5 m in diameter, driving piston-pumps were being introduced 
by the end of the fifteenth century in south German towns. The “Seven 
Children” fountain at Augsburg (1450) pumped up water with a series 
of Archimedean screws. 

Wooden pipes were preferred in many parts of medieval Europe. 
Early in the nineteenth century one third of Augsburg’s water-mains 
(3000 m) were still wooden. These wooden pipes were usually 6 m long 
and 8—12 cm in diameter, working at pressures upto 3.5 atm., but ge- 
nerally much less. Some towns like Niirnberg which had an elaborate 
system of pipes even had a special drilling machine for wooden pipes 
illustrated in a mss. of 1430. In 1462 Endres Tucher replaced it by a 
more efficient one which he shows in his Baumeister Buch (1470). 

Pottery and lead pipes came in the second place only. The lead pipes 
(usually 2”) were soldered with tin solder and held very well judging 
from the archaeological finds. Still Vincent of Beauvais in his Mirror 
of Nature (1254) said that tin solder facilitated corrosion and that lead 
should be used like the Romans did. Cast iron pipes were used for the 
“Wasserkunst” (public fountain) of Augsburg in 1412 but after four 
years they were exchanged for wooden ones. Calices were still used 
in some towns and even in English leats “oxe-eyes” (stones or slates 
with an orifice) were used (118). 

In the early Middle Ages ecclesiastical authorities and monasteries 
wete pioneers in water-supply. Later municipal authorities or groups 
of citizens took over this task but law suits between the two were 
frequent. The cost of driving wells was born by the town or groups 
of “well-brethern”. The latter usually catered for their members and 
left the problem of supplying water for the poor to the town, clamour- 
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ing when money was exacted from them for some public service. The 
actual sinking or repair was left to professional well-diggers (“Kunst- 
meister”, “Brunnenmeister”) often in reality lay-men, who first set 
out to examine similar works in neighbouring towns. Only when a 
fairly large public water-supply existed, was a special surveyor or care- 
taker appointed. 

By the end of the Middle Ages scientific works on water-supply 
begin to appear. Konrad Keyeser devoted the whole third book of 
his Bellifortis (1605) to hydraulics and water-supply. His contemporary 
Giovanni da Fontana not only wrote on aqueducts (1420) but actually 
proposed a hot air engine to raise water froma well. They are the heralds 
of a new dawn, the era of the pump which transformed water-supply 
from a gtavity-flow system to a pressure-system. 


CHRONOLOGICAL SURVEY OF THE STORY OF WATER-SUPPLY!) 


c. 2500 B.C. Indus valley cities build steined wells and drainage 
systems, Mesopotamian cities follow suit. 
ce. 2500 Lead stoppers and copper drain-pipes found in the 


mortuary temple of Sahuré (Abusir), Hand-dug 
wells built in Egypt and Mesopotamia. Drainage 
systems common in urban life, Collection of rain- 
water in cisterns spreads. 


c. 2000 Conduit for spring water built for Palace of Cnossos 
(Crete). Rain water stored and drainage system in- 
stalled. 

c. 1900 Subterranean tunnel (sinndr) to spring outside the 
fortifications constructed at Gezer (Palestine). 

c. 1500 City of Tell Ta’annek (Palestine) connected with 
two springs by tunnel (sinnor). 

c. 1300 Sinnor of Megiddo built in stages (5 x 5—7 m; 82 
m long). 

c. 1200 Mycenaeans the first Europeans to sink wells and 


to build elaborate drainage systems. Water from 
Perseia spring brought to Mycenae by conduit (400 
m) and tunnel (100 m). 

1055 Drains in Jerusalem. 


*) For most aqueducts the total length, length of the overground portion and 
area of the specus are given. 
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Solomon’s cisterns built in Jerusalem. Springs en- 
cased in planks common in Bronze Age Europe, the 
spring at St. Moritz encased. 

Assurbanipal has wells dug at Niniveh. 

The Hallstatt civilisation of Central Europe starts 
collecting and storing rainwater. 

The Etruscans built narrow-mouthed bell-shaped 
steined wells. Watermains of Van (Armenia). 
Sargon II destroys the qanat-fed irrigation systems 
of King Ursa of Urartu at Ulhu (Armenia). 

18 settlements near Niniveh supplied with water 
from upper Khosr river by a 10 mile canal and a 
weir near Kisri. 

Hezekiah’s water-tunnel to the spring of Siloah (8’ 
x 8’), a conduit (537 m long, fall 0.35) brings water 
to bottom of city-shaft. Metal water-lines installed 
at Tyre. Water-cisterns of Thera (Greece). Conduit 
brings water of the upper Thymbrius to Troy (7 
miles). 

Sennacherib’s aqueduct from Mount Tas (Bavian) 
to Niniveh (55 km). 

Theagenes builds conduit for Hymettus water to 
Athens for Pisistratos. Conduit of spring water built 
at Megara. 

Solon provides for a well on every farm. 
Tarquinius Priscus the Etruscan builds Rome’s 
Cloaca Maxima (14’ x 11’). 

Nebuchadnezzar II builds qanit-like drains of the 
base of the ziggurats of Borsippa; same type of drain 
under ziggurat of Ur. 

Eupalinos builds water-supply of Samos (including 
a 1100 m tunnel) for Polycrates. 

The Persians open up water supply for Kharga Oasis 
by qanats. 

The Crimiti water-conduit for Syracuse (Sicily) built. 
Aqueduct of Acragas (Sicily). 

Aqueduct of Girgenti (Sicily). 

Aqueduct and cloaca of Alexandria (Egypt). 

A 600’ well dug in the Sahara. 

Aqua Appia Claudia, Rome’s first aqueduct (length 
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16.56 km, overground 90 m, section 0.74 m?) (out- 
put 75.737 m/day). 

Aqueduct of Antiochia (Syria). 

Aqueducts built in various Roman towns in Italy. 
The Anio Vetus (Rome) built from the spoils taken 
from Pyrrhus (length 63.6 km, overground 0.327 
km, section 0.95 m2, used for irrigation and drainage 
only) (output 182.517 m3/day). 

Aqueduct of Shuster (Persia). 

Wooden conduits and pipelines, true planked wells 
common in northern and central Europe. 

Greek authors mention bronze taps, manifolds, 
more-way taps and orifices. 

Aqueduct of Smyrna gets pressure syphon (leading 
from + 200 m hill-top through + 26 m valley to 
cistern in town at + 184 m). 

Thermae introduced in Rome. 

Eumenes II lays pressure water-line at Pergamon 
(three 19 cm? lines, conduct water from spring at 
1200 m to double chamber at Hagios Georgios (+ 
360 m), syphon through valley with pressure upto 
20 atm. brings water to 5 m square, 8 m deep cistern 
in city-castle at + 335 m. 

Water-supply of Pisaurum (Italy) built. 

P. Aemilius strikes artesian well in Macedonia, 
Aqua Marcia built for 180.000.000 sesterces (£ 
3.500.000) (Rome) (length 91.7 km, overground 
10.25 km, section 1.18 m?), later enlarged during 
Roman Empire (output 194.365 m3/day). 

L. Betilienus Varus builds aqueduct with syphon 
(10 atm.) for town of Aletrium (Alatri, Italy). 

Aqua Tepula provides the Capitol with water 
(section 0.18 m®) later joined with Aqua Julia. 
Sergius Orata invents central heating. 

Aqueduct of Gardon (Nimes, France) (length 49.75 
km). 

Aqua Julia (Reme) (length 22.8 km, overground 9.5, 
section 0,485 m?, output 50.043 m3/day). 

Marcus Vipsanius Agrippa first permanent Curator 
Aquarum for the town of Rome. 
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Agrippa forms a “familia” of slaves for the upkeep 
and repairs of aqueducts at Rome. 

Aqua Alsietina (length 32.8 km, overground 0,5 km, 
section 4.80 m?) not used for drinking water. (output 
16.228 m*/day). 

Aqua Augusta (length 1184 m, entirely underground). 
Vitruy writes on water-supply and aqueduct con- 
struction. 

Aqua Virgo (length 20.88 km, overground 1.03 km, 
section 1 m*, output 103.916 m*/day). 

State department of aqueduct repairs, 250—450 men 
(Rome). 

Permanent board of curatores aquarum (Rome). 
Augustus builds aqueduct from Schedia to Alexan- 
dria (Flumen Augusti; 40 km). 

Aqua Anio Nova (Rome) (length 86.8 km, ovet- 
ground 15.0 km, section 1.90 m*, output 196.627 
m3/day). 

Aqua Claudia (Rome) (length 68.7 km, overground 
13 km, section 1.33 m?, cost 350.000.000 sesterces, 
output 191.190 m/day). 

The emperor Claudius constructs the aqueducts of 
Lyon (500—4800 m), with the “pont-siphon of 
Garon”. These contain 18 syphons (levels differing 
as much as 25—123 m). 

Claudius finances the aqueduct of Sardis, builds 
aqueduct of Ravenna. 

Public conveniences of Rome get running water. 
Pliny describes properties, caption and purification 
of water. 

Aqueduct of Smyrna. 

Silver water-pipes in Roman villas. 

L. Paquedius Festus builds 3 mile tunnel to shorten 
Aqua Claudia. 

Sextus Julius Frontinus writes memo on water- 


supply. 


Frontinus’ book published. Earthenware pipes with 
sockets used in Rome. 

Aqua Traiana (length 57.8 km entirely underground, 
section 3.02 m2), later largely used for power (water- 
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mills). Aqueduct of Segovia (Spain) (length 15 km), 
contains arched bridge 2600’ long, 90’ high. 
Aqueduct of Athens built by prominent citizen. 
New aqueduct of Carthage (Zoghouan), output 
6.000.000 gls/day. 

The emperor Hadrian construct the aqueducts of 
Arles (France, 67 km), Corinth, Antioch, Sarmize- 
gethusa (Austria), Dyrrachium (Yougoslavia), Ga- 
bii, Naples and Cingulum. 

Aqueduct of Metz, output 40.000 m*/day. 

A 428 m water-tunnel excavated for Lambaesis 
(Bougie, Algeria). 

Aqueduct of Olympia (Greece). 

Aqua Severiana (Alexandrina) (length 22 km, over- 
ground 8 km, section 1.25 m*). 

Siphon in branch of Aqua Claudia replaced by 
conduit on 4 tiers of arches, Aqua Marcia repaired. 
Aqueduct from Eiffel to Cologne (85 km). 

Conduit of earthenware pipes brings water from 
Arceuil to the Roman baths near the Palais Royal 
(Paris), 117.000 gls/day. 

The emperor Julian builds the “aqueduct de Rungis” 
for Paris, output 2600 m4/day. 

The emperor Valens finishes the aqueducts of Con- 
stantinople. 

Justinian builds the underground cistern “Hall of 
the 1001 Columns” (Constantinople) (70 x 60 m 
surface) to store water supplies from the Thracian 
hillside. 

Aqueducts of Rome cut during siege by the Goths. 
Floating water-wheels invented. 

Theodoric builds aqueduct of Spoleto with a 277 
km bridge 145 m high. 

Justinian rebuilds Hadrian’s aqueduct of Con- 
stantinople. 

Pope Hadrian I restores several Roman aqueducts 
(Traiana, Marcia, Claudia, Virgo). 

Deep well dug at Niiremberg (Germany). 

First Artesian well in Western Europe dug at Lillers 
(Artois, France). 
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Cistercensians use refuse water to fertilize meadows 
(Italy). 

Canterbury cathedral and close supplied by conduit 
made from plan by Prior Wibert. 

Water-supply of Paris improved. 

Conduit built for town of Frankfort, drainage system 
installed. 

Water from St. Sidwell’s spring conducted to Exeter 
cathedral close. 

Gilbert Sandford builds first London public conduit 
from Tyburn. 

Water-supply of Dublin built “at the cost of the 
citizens”, 

Aqueduct of Orvieto. 

Thurn und Taxis builds drains of Regensburg, Ham- 
burg drainage system constructed. 

The Paris “aqueduct de Belleville” already in use. 
Deal and fir water-pipes used in Germany. 

The Carlsberger mineral spring discovered. 

Public Water-supply of Niiremberg; cloacae of 
Vienna built. 

Aqueduct of Wismar (Germany). 

Spring-water used for public water-supply Ziirich. 
Charterhouse conduit (London) built. 

Introduction of cast iron water pipes in Germany 
and Great Britain. 

Part of Belville aqueduct rebuilt. 

Aldermanbury conduit (London). 

Fleetstreet, Fleetbridge, Cripplegate conduits 
(London). 

Grass Market cistern and Snow Hill conduit built 
(London). 

Aqueduct Kolberg (Germany). 

Suleiman the Great reconstructs the aqueducts of 
Valens and Justinian and adds one of his own (Con- 
stantinople). 


Noves 


I. Arabic “qanat” comes from the root “ qni”, 
The Persian equivalent “kariz, kahriz” is derived from “rixtan” 
(conduit). 

II. Arab. “moghani”, comes from the same root as “qanat”. 

III. SarGon speaks of blocking (sakaru, US) the outlet (araru) of a canal 
(biritu, TUL), the latter terms may denote the qanat itself. 
NEBUCHADNEZZAR calls the “outlet” of his drain “misi (from the 
ws’) of water (mé), but the Akkadian synonym list “D” informs us 
that this expression “misi mé” is synonym to “ariru”. 

The hiritu is not only the underground part of the qanat but also the 
canal (duct) from which the smaller irrigation channels sprang. 

IV. The name of this town is probably connected with the verb “sakaru” 
(US) (to dam or endyke a river) and the noun “kisirtu”, dam, weir. 

V. The engineers mentioned in the text were “itunni” ('“SITIM) (mason, 
architect) as contrasted with the “sikiru” (““SITIM-[D-DA) (canal- 
repairers); see S. LaNGDon, Stud. Orient., vol. 1, 1927, 100—101 and 
B. Metssner, Lexicographisches \V, M.V.Ae.G. vol. 15, 1910, 517. 

VI. This figure given by Asupy is based on Dr FENzz10’s calculations who 
takes a quinaria to give 41.5 m?. Our knowledge of the pressures and 
velocities in the Roman water-system is very deficient. The esti- 
mate given by Asupy takes 1.5 m/sec. to be the average value, but 
Krerscumer has recently suggested that 2 m/sec. is a better value. This 
latter figure would increase the total water-supply mentioned (98). 
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Greek fire 3, 31, 48, 106 
groma 171 

grouge 179 
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heating 83 
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Hit 16, 32, 36, 38 
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hydrodynamics 174 
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immortality, pill of 145 
Indus civilisation 42 
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Iran 32 

Iraq 32 

Is 16, 38 

itinnu 188 
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Jerwan aqueduct 158 
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Kala 129 


Katabaphé 140 
Kelek 90 
kerosene 13 
khumu, khumia 126 
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Kirkuk 34 

Kiru 92 

kisirtu 188 

km,t (keme) 126 
kollyrion 96 
kopher 22 

kunin 19 
Kunstmeister 181 
kupru 21, 92, 94 
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LAGAB 14, 15 
language, secret 129, 140 
leat 181 

leukosis 141 

lighting 83 

lignite 22, 31 

lime 58, 59 
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loess 58 

longlevity, pill of 145 
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Machinery, water-raising 151 
Magi, Magoi 133, 135 
magic 31, 98 
maltha 13, 22, 31, 105 
mastic 20, 52, 56 
—, preparation 52, 63 
materials for pipes 153, 165 
Media 41 
Median fire 41, 106 
medicine 101 
melanosis 141 
Memphites lithos 26 
mennen 11, 105 
Mesopotamia 32, 44 
—, scientific centres 136 
metal, living 145 
metallurgy 131, 132 
mineral matter (in mastic) 56 
mineral wax 5, 22 
mining 23, 157 
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, Placer- 24 
mist 129 
moghani 188 
Mohenjo Daro 75 
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mortar 58, 70 
mrh Hr 105 
mrh.t 9 
mumiya 55, 89, 104 
mummification 9, 25, 55, 103 
misi mé 188 
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naft, see alnaft 
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natural stone 67 
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NUMEN 15 


Odour 177 

oleum incendiarum 108 
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origin (of bitumen) 8, 54 
Ostanes 139 
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oxe-eyes 181 
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Paha 94 
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paraffin wax 5 
percolation 178 
Pergamum aqueduct 164 
petrol 13, 36 
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pipes 153, 181 
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piston pump 171, 181 
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Plato (and alchemy) 133 
pneuma 142 

pots, melting 66 

prices 20, 53 
procutator aquarum 169 
products, synthetic 129 
projection 139, 143 
protective coatings 85 
purity, bitumen 54 

—, water 177 
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Qaijjarah 33 
qanat 156, 188 
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qar (Kar) 33 
quays 76 
quicklime 106 
quinaria 154 
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repairing (with bitamen) 95 
reeds 52, 60 

reed mats 60 

refining bitumen 44, 53 
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rhadinace 45 

roads, 80 

—, processional 80, 81 
roasting 129 

rockasphalt 5, 18, 22, 24 
—, melting 19, 49, 51 
rushes 60 


Sakanu 94 

sakaru 188 

Sand 57 
sarcophagus 90 
sculpture 97 
sealing wax 96 
scepages 24, 45, 53 
Selenizza 38, 43 
Sennacherib 34 
seqaya 151 

settling tanks 45, 171 
sewers 77, 78 
seyali 63 
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shadif 151 
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sift, Sft 7, 9, 38 
sikiru 188 

silicarii 170 

sinnor 155 

siphon 154, 163 
siphones, mikroi 107 
SITIM 188 

sluice 161 

solder 176 

soma 142 

sources 149 
specus 171 


spinos 44 
springs 149 


standardization (of pipes) 154, 175 


statues 96 

Stephanos 143 

Stickiness (of bitumen) 55 
stiffening agent 52, 56 
Stone, Philosopher’s 125, 142 
straw 60 

stypsis 140 

Susa 40 

swipe 151 

sympathy, universal 132 
syncretism 138 

Syria 30 

syphon, see siphon 


tapping, illegal 177, 180 
taqtir 48 

tar 1, 6, 51 

technology, preclassical 127 
tectores 170. 

tetrasomy 140, 142 
thermae 85, 170 

‘Thrace 43 

timber 2 

tine 179 

tites 149 

touchstone 129 
transformation 143 
transmutation 140, 145 
treadmill 152 
triangulation 164, 171 
trowel 63, 64 

tubuli 176 

tunnelling 157, 163, 171 
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Urban Revolution 127 
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Warfare, bitumen in 105 
Wasserkunst 181 

water, consumption 171 
—, distribution 172 

—, drawing 151 

—, finding 150 

—, industrial 166 

—, pressure supply 171 

—, purification 171, 177 
—, storage 152 

—, tax 168 


waterbasin 152 
water-carriers 179 
water-meter 175 
waterproofing 74, 90, 92 
water-wheel 166, 173 
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» pyrogencous 6 
weir 160, 161 
well 149, 150, 179 
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, steined 150 
well-brethern 181 
well-diggers 182 
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wood tar 1, 22, 51 
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